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nmm* i@ t!^ 0i^^!3sil. «K>ile of BP# B* Bajtaeai £ilii# esrst®^ mil 
unOdT {3|r ci&p@i?vitiosi m&' l ^ t I t IBG not teon mitei-ltsd @ltl&@r 
kcmmhummmt t^  
I t #v«6 at A srMt 9X««fiar« to •spv«i»« agr ^o^p etna* of gv»t&«» 
tnAo and inAobtoAntfi* to Fiofoesor i i . M«a» EoAoyt ay atyotvioor* 
fer l i i i stiaalatiag aod l]ivajLimlU,o faldaaoo at ovoxy atago of tiM 
l^roaottl ta9«atl&',atioa» 
1 aa gratafal to I'xof • I4i«£, MaliaHi iOuHi* iiaad of th« Boiiart* 
nofit of P^feieet Allgaili lfiiili» Iliiiir9r^%» ikl i^ft i* for &ia 
oaeo«arag«iBOfit th^ou^out tho eomm of thie^ aoilE* 
Hljf aLaeofo tlmiikie aro diaa to i^ £«f • a i x l ^ ObaiMira. iioaA <^ tlio 
^ttoloar .pootirosoopy HTZOUP* fata Im^tituto of fuiilaiaoxitai Eoeoarolk* 
BoaiH^f f<Hr hi@ tiaoijr iialp IUEI^  eo«op«j:«tloa in oontoetii^ osporl* 
aonti^ at th» ?*l«f*K«» Bo»t>igr« 
2 w i ^ to extend ny tbaalct^  to i^ r* Ajajr viupta of tho ladoro Ual« 
V0ra.tyt i f i^ r i i , i^ r* .^Ilsaaddin of l^ o Z«ii« ^n^neorln^ coXloi;i»i 
Aii^rlft and ^r« 4«.<, l^iasva of tiio Kuaami Oaivor^ityt ifoMtal for 
aany a f m i t f u i diiaoisiij^oti* 'Hm oo«oporatiOfi of »y ooXS^ Miipo &» 
Mr. MaolilUMA 4X1 anA Hr* t^mliia iLarooa of Htm A l i ^ r h i^aXia 0a i * 
Tor^ty aaA Hr* d. Paate iiaiiga uod^* Hr* ?• Ta&a^lvl Kodtfy and 
Mr. !*• Ha^miaa ^o4% of tiio ilSoslaaiiar iioaoaroli Qroup* Oaaaala 
UaivordLtyt Hfdorabadt art ttiaakfalXar a^aiairIo«^od« 
% tbaalKfi aro aXao Aao to Mr* M* aarai^alia &oA<lar» laotivaoat 
iaa&aoor asA Hr* 0* naMtmrayaaaf foobalyoal. Aoaiotaat ( l laatvo* 
aioa) of tbo OoatraX laotmaoatatloa oaA 4^orvioo faollitioOf 
OoMMila ttelTorsitrt for tbalr aoafatont to«iUiiaaX balp ia fab f l * 
aaiJLoii va r^fia* 
itmti%Xft I woaM mm to aoluMi«3lo4to H^ o Uatraridtf iraata 
CoaaiaAott* low i>oihi» far p««TiAiaf ao tbo flOMioial aaaiatMao 
in tbo fwm a t Polloiritiipa darlas 1 ^ toMHro oi af raaaartli aaiti* 
^ • I 98 i [P* fiajaaai bia^J 
!i«ne«* tii« pxtn0l|ttl •!» of th i s inrofitigiitioii ime toowi t» •»» 
plof th9 f»»atiorii iif tii^ porfizM fioM iSfntfotttie f w oalMneiog 
tDt tatittftt« prMli^iofi «nd iiorsaitivitjr and this iiirdiitlisfttloa 
bae l9d to ttm po&idL i^litt.*ii» of 4oir«a.opic]« t^ i® imari,9r fuenafom 
i»poetre»@oop3r and t ^ t^ml lioppior Cioditlatioa (^i^) aoilicA ia tlio 
fl.«»i& odt ^esteuor ^^etreaooj^y* 
'thoor0tl. oal aaaly^i of rw^om idgaai ©eai^ urga s^kte .^ f atsoloar 
on;:ifi at h%l>. oimnt xmtoc It^  attoepl^eu to invet^tlgat® certain 
ooi:'ralat@d u6iabt^r«»iRtt uoder oKtoxnaX p9rtm*l»atioiifi« Oa ^so 
baei^ of a utoolia^tio meA&l for ataeloar ovaata* the «ito«> anti 
eroa)a*»eorr®latioa fuootio^e and th@ s^^otrai A«a»lty Aaaotloa 
aro doxlYod* lffoot& of oxtjra xmoloar portarbatloa oa ttto 
MfteaiaiMr radiatioo f^rogsa^tod «ii<rotigb l^e roiwai^t ab&oriboro 
iMiTO aliio ^Mi aaalfBoi* Aaalytloal. ralatloao aro «i|iro&ao4 i a 
a elaead fo>» lAkU^ o l ta i ly daooaotvatos ttio onliaaood yrooiaioa 
%• lio atotalaod imm taaAia poo or Boaeui^oatata, Sho aaia ooMliip* 
alono of Ifekoao atoAloo arot 1) VHMUMI ilcnal. MuULyaia «f HM « • • 
nraXaMoa «oohal«ao oosftaiaa a l l tHo foataroa of tijrpoffiaa itt%o»» 
aotloio t^mwmkl* tlii«ui^ tha Ii«a0l»atr roooaaaoo aaA 1)w 901^ 
tovlioA aaiiaar •ofvolattmi otadioof i i ) aaAlyAo of vanftos px«» 
oooooo «o«M ^ atfilaTod titHar ia ^ o tiao Aoaoia or ia flM 
fra l^MttOf ioaAiat aat i l i ) 4ata aiO«ii«i^M t i«o aoulA 1M 
rodaoai kf as oitfov af •upaitiiAo ai^ • t t H olilaiaiiNt *O«»MUMIO 
l i a ta aHooo aidlHo aro pm% tn&oo INM aatwnO. l ino wiAlli« 
m r m 
It iti m mtXt kaoim fiR«%« la a i l tb« mtiloar tB«a«a7«i«itef ^amM 
«lM «««AtI «v«ati» av« ftXmys ••««ipail«d ky aa uasvoiAabU pafi» 
titttt of tb« taekgrooBd raAiatioa wMeli 0ff«etiT«iy rwltte^e MM 
MRi«itlvitar of tti« si»a«iur«Ri«et» Hoir«v«rt fh« tlitor«tioa2. iinroo* 
titifttioae in tlie Un« aoaala and Sw^kmoy doaa&a lUustrat* 
^lat th» Imek^ irouod «irtati Caoi£«) aro dietrlimt«d uaiforBly la 
oauM im sm4# to ride on a daelr^ i&oduXatloa f jri><3a»ey* l!!i^f^ 
otimrrmti'm t®8A» to tuo appiieation f^ tlio tir«ll jmom tdottniaud 
of ptiac'd atjfi&ltLirvt dstaotloa to tho iieM of ilSt& b^atioir rttmmm^m* 
ihB imiitis feoitar® of ttiit K®taod i« that i t dotoetfe; only tha 
,'®eoill0«s afe.or|..tiO!ii i - i ^ a l i . l a tlio %i*aii4'mii©lcjri .c.«>08Joti^ • fh» 
?f9®lir.atioa of tbofe® notioni in an ©x|)«ri®oat neoatfciatofe tia@ 
dmr&lopw$ni. of ^ tepnoialiy derl^iied &p«totrg»witer i^yctmt for ofa-
ratia^ it in t!i» UMi iK«d©, "% it i ig^ e«d fabrieatiofi of tlx© 
olo«trottooht«aioai troaa^oor aio?\i i^th tho feorvo eoatioi eiaa* 
tfoait aaits^t uetna tho i^i^oaouiiy araiiai^lo »atoriaX@ tM 
oiaetroaio oospoaoatCi tiaTo tooaa etioo«»i^ll.y i ploattttod* 
gxpoxlffiOB'.aX rttalte of Iho i)l>M nothod of td^ aaX aaaXyd>» do-
aoaatvata tlia TOfy hi«a feoabitivitsr of th« f^sulMkaor sroiiooaaoa* 
fhi£ «alMkac0d eoaeitinty thoald Uad to tho aotootioa of 4iiato 
MfaaftMOiP isyaritioe aal i t MioaU ai»o ottviato «bo aooi fs>r Uv 
toayoimMroft staaraUy oayloyod for aohaneiai; f«faotor«« i»«<ro« 
val of tho Mioftocttor aoatnuroaoati^  oo tiia titt»«r«voraal. oaq^ori* 
aontf indaooA yavitr violatioa ia anOUar tfaaidtioaot aAtiag 
point i^ ioaoooaa* nf* yorturOatioa oto«» ooaid aov too roivooiS* 
«ato< liite oalMMOod yroei^oii* 
l.,l ii«i£Otm!!ie« ;:»oatt9nt^ of Omoaa uaye 3L 
i • 4 • 2 it»o.i®ar ,uacl jmpoi^ «#. ^lisaetlo n 12 
I«4*3 j^ ;ai'i»»1^ e al^le int®T&otX&& IS 
1,4,4 t;#liiJtaUon .ffeotfc 17 
a«l Xfi«x«>6ti«ti«a 20 
2»2»1 fxmii«f«r Funotioii •£ tti« T»gifi«4ae«r 29 
2*9 fuldoitiy ^ r t o Ooaflivl i>ar»t«s) l>«f!ij(Stt 26 
2*4 Oalilfr««Smi 39 
2*i OMMft i«y lNit4Nitar» 91 
2*7 fiiaiiasil.«» 32 
5*1 ZatVBiikotlmi 54 
9*2 7iM ind f r«qii«a<sy k9pjr«0«Btatiea« of II««^MIV •r«it« 99 
!•$ r A €. ^mm^ c^mp^Uitl^n nm.ismmm% e 47 
9*4 Ff»t1i9iuL Aisj^ette 0f 1b« tfte^miin* 49 
4*2 hfiAi.fi&tP 9f 'dmm^rmtM in %%• l^eitoMisr H«amr<MH»«« 99 
4*9 i^ Ottimiag of i^j^otrm mvoug^ mml ii@ppk*9 m^lmUoA 93 
4.4 ftffaet i»t tl»*» ^l©a*tlotion ^*i?pilte«i«i o« t l i t 
4.5 . im *.hapt far ^r^ll Hocia^tisa i*«pth^ i t 
9*2«a fi«* Dea»ia f t l t c f l ^ t OontlfiBftvs kw%rm0,m 79 
9*9 ii9»iMPi««sfftl l»«^iii» 74 
9*4 l i fMi£«itel . B«iBlt& 77 
9«9 OmytHwA^ptm 78 
Al'J^Hr&XX 80 
kmmmmm m 
i j i f Of fiiiiiX04iso» 
!• BA6I0 Aifitrii Of tm m»mkm& mmmweii 
9mm— tit aUttiMiUI^ t*iM« a» «b» liNiiteii^ •f«« i^»MNit]r« Ov«r 
^uwmiti« •i«#««mHi|^«&« tfwftiAtiim villi m nMsntwly 4«£l«»i «B0f(» 
•Ijitit* mmtgf diff«ftiie»»* flM inwenui^ * •£f*et luMi IMMH fiM»»» 
d«A in 104 «niit«i wmtmmt stst^e «f 84 4if f^ arafit iii»t09Q* ia 44 
•l«iMR%s» tlii «ft|osi1r ot iShtm iNdlitg tittf^ tlflittiite* A11il»it#it 
in %hmtf^ i t is ^9Uo«l»l« to a l l ^9 «aE0it«4 et«t« t» a>WMi6 
8tftt« ttwMiitiofl* of iHtmys* i t itMMt !• 4«t««'^ i4 mMM^ itt 
6iv«r»3L «•••» 4«» im W9»f Imf MMPitiA* of %%• ^f««t !•••# irivf 
fte llM«fy of m« NMflMMMV offtot alMrto nith tfaio toaooift t t 
^li !•—1» of oUaMiptiMi i f m |li«t»» iMtiAg mmvm tfuO. t» t l« 
4iffiHNMNi of tllO tiO (HltVigr 3l<Pf4^ iOf Iqr M I liMNMflNHP totOOMI IfllO 
irovf tii» 4»«ffir l«r«&o tni of »• gwitrtom oftov « okomottviotit 
w ^ W ^ P w * > ^PHMNFtmy 4M|Pw^PWP •BWPH^PWIPBP iWWP wB^^Wi* vfl^V w ^ P I ^ P W H W i P ^B^l^^Pwr^pTPBtwBB 
^ ll • 
ttt »••» M l» 1 ^ »«4i««otloii» tbi %m of ooiiii«sv»^#ft of woMAlitti 
iriiti* f|g 10 W$ iri^ ofiitsr 0OBpO!i«s« of t&9 ftto^ie iixt«(l.«iti» iM «» 
Agidftf %M %&twl m»r^ ^mm 1^ « ^^emM etat* »t rtst &i 
iliCf|^  •t' ir)*« '^^ mt fii?oe fli« «m8rasr coattrsmtioii i^mripXd» ^ 9 
uimi$ mmt% mm^ i« '^ •far aeaU ««! «diiipunii ^ tli« ta«ri^ i f 
tiM t * i ^ t ii»» €»«ti »iMMi«#«lltXif m^tm» %&• r««oiX •nts'iar IMI 
MMiai attioii 9t %M anoXiii*. for tisi rmmemm pm^w in «lii«li & 
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«» Jl «» 
I t ift i4«A»^jp • •Hi i^% %tmm im m i i f £ • » « « • of ia«rigr XSjn lMt» 
WMB Hut Miin^oii anS 9im»wjiif%imit JUate tiliifti^ng 1 ^ i » i^ isaill ttMiesI 
§mgi»r$»»%t%&m m%^ t^t of tli» i^mrhfA Riotous md %l%# cNiisi^i 
einoMmiM *^^^ Ciln4«i ar * * i a t i # * I.*!.) ^ir«i» m t ^fi«tiO!it of 
ftto i^issta ii^Mait ^ 9 m%9)tm of t&o sliiNirlMiar wia thm mmmm tm^ 
fooo& « i^ mm% mm^ f»om otao «eioll«^t m^^ tho oa^rar of ^ « iMmy 
^«k!itik o^oagos S ^ to mw^^ Offset* Aoeo2rii«glf tiio iPifi«i«^ 
m^ ii%t«f$tioa oxo€sii«4iootionii «:ifio inoimac®*- In '^i'j crsmo i^om 
2i^»r9 liioro r to tii« iii]» viAm <^ l^o nuHotion* t ^ rotioaAiit 
ttln»ox:i^tioii owMot ooour* l a 1 ^ ofo;^ of irfiilifttio:^ oxielnit ^3P3» 
tDo otoHio t»B»tiittimii» % in m mmXl tHat l ^ lAll Ho t l t l i l a llio 
ti«tii4tlott mmwm Umlttif mtA in ^i» ov^it of mieioitr tmikoiti^EMi 
% to Ao largo Untt iaofi to of m« lioj^flor JMtoiiftiatHit 1tui«o « U 1 
QOt IMI 9»f OVOIPlO^  Of t^« WitOiOO «ld ftHOOVfttOtt pVOOOHOoO* Zm 
tho oo»o of 14*4 U^ Y'-Viar tfmoi^t&oii in f o ^ t «io Urn olAtlt 
r « 4*$ « 1 0 ^ i t oat B|^  « 1«9 « 30* ' oT libllo isi tlio ea»o ^ 
•oAliM IWUfl^ i te mwtgf 10 ~ f or ultli i t s roeoil lAQiriy il^ ^ 
1 0 * ^ #r oni fNiiwtil bxooAMiog i» of Hio o^or of Vf^ Of* for 
tlto iHtObtiiior iootojiost ^Mroforo, r « B^ obllo fov tho fll4iotiN>» 
o&o tfontttlott t iM IMUBO]. old til r ^ » Bg* 
a * t KMOilfxfXHHI BM^Oair MOaOOMlOO AbS0«9l&0» 
For Hio oooofvottoa of wmlm^v rotoooaoo oOoofi^tiott of T««090 
«• 4 ^ 
io* awidtt 1m tar&ng ^ t« «ii««tott mtd, «M«fftt»ii lititii into «eltt«l* 
4iiui« or atlftwut to iioytljdljr ovorla^ j^r ail(l9% vmm of ^ o l2ofylor 
•ffoot to ooMpomooto lOv tuo roooiiH •»» i^isr« <»9a» fSi»looy VOSQHMUMIO 
olioesi^tioii oft@ oiNiovroi for tHo flrot t iso hy '('M^ si C^ J ^ ^9S0 liy 
i^iAtliig tlio lioavoo oiit0 o o«iit»& i^®i ond aoviii^ arolot&f ol^ r HHi 
trmtitioni $M, Xx^^ lig^ isilKiiiti* esi&lisu lioth ih& i^oux^m m;A ik§ a^ 
teaflJW l«j|^ii^ t& ^«iac^ tiio rum^mt'^^ m\*i^&^tlo% tat t^ islismiil 
pltotn 11, a i^  ii^ till*: '^ iiy Mt-^tmm,^ 4iccai?m*stl C3J tliit i^^ t^ i? cm3^ 
tain o«tt5itls*is no l^iO ;^!*-; Hi?® t^siJfc^ :4trJ. d-a?ljjg ttio ostf id©a uff 
o&aorptie.n ©IT %ii« fi-yjai-i^  ia ttm et^ % tal lottioo* ^imUy i t i® 
odao2.)*lau l;;.ut tM mel»i oei^tSiig in ^Xiiii mm mi% ^m& mms^h 
Imt mtxfm t^ ^^ ojro litiieH dii^plo^ tlt^ fi%tm*al Itnm irl€1$^  urtd poot^ 
oeo Hio fttU trooaitimt mmrtff oitiiaiit mst iofio of roooii ooof%f 
tetaofMfoA to tho lattioo ti^rotloii* x%o roooaonno OOooi^ itioa 
fi9«otvii» sttmu. a filMurp 900k o«it«ir«a ovoisoft '^o tjroiuiitioo oooxiy 
X^ vitli o lAitH o%oai to tuo imtitroi. iioo oiftt^ 0i ^ o nooiooy 
tfaoAitioo* Mm^imamr cxploinod tbo eliovf roooiilovt oHoovfttoa 
fooko oitb tlio tMip of i4Hill*o tbtofy [9] of tbo otooovptioii of no»» 
tvooB ia tiMi exarotoi»« XA ^ « fTooHitMBO l3io ooittiag mA obooi^^ 
iag ottoiottO roooiio idtii ^ « mvriEr %t iMit for ^ o otoiio Immft 
to o yoffootiy r i f l t neilA hKwing iafiaito iioliyo tonpofotovo tlio 
•otto of tiko roooiUioK ^ o t w ia wtf l«rgo maA t&o roooil OMHP» 
cy tooooMiO voijr mmAXm In larootioo tho »oiiftai of tii» lottios any 
«» 9 «» 
ttA in «tt afl^llmiiy r««^»»« If t ^ mm$X mmvff % i* ljtfig«r 
HMtti ^ i ntntii^ WHiyiy «f ^^ mtm {-%$ tf9 ^ % 0t} HMm i t 
lAXk 1m i4tl#Aii& f»»» i t s Ist^e* ^t9» H Zg^ im wemklmv ^Mia 
^» <lliBjpl«©a.«m% tmr^t ^ ^ »^<^ ^ ^^ ^ r«BiAiii IK% i t t ]A«ti«« «!«•« 
iUil I f %^ "^^ fi ^•^•i ^ ^® ra«s^ ^r^sr &« Umu <^ fta idMi €&•»<» 
10* m^mmnae^ lm 9l^smm tli# viirettiiJiiii #tfit« of Hio oiM^llibl^ri 
to ifm^ Mmf:^ fMi«@ ^  ^« ofsr^tal Hit irtooH mmrm % ^ttftott 
to 00^ $tt«iiltl»g i s m vvmUlMBu mmMm r^mmmm m^mtp'^mu 
'its»mnemm$ %m mm M^^ $M mwM^r ^tmM %hM oim3nMit«aritimo ^^m^ 
mtn mmimt i ^ 3L0*^ if fojr m^1iA®}§ t ^ roooil «io«ipr flUoiiiifii lir 
iiitopul. »ii3.tip2ofi Of thw i^fson «»o«'ir» ^^ ^^ ^ mftol iUiuitxfttoo 
tHot ttioto io m ooirtoio yriAMlKllitSF l ^ t mi latino* oxoitmtiim 
o«ii ^Om plmm Avrise ^ o oai«iioa ov odnox^tiofi peoeoso* 
i*t«2. »owillooo fvooHoft 
mm vrmibmsmiliM$ %\m% m y»m9 Ao«« aot ioooo mmwgy 4«rlag im 
tvoMiitiMi to tiM iottioo kjf voooii w Hf OTooMott of tf^mm io 
toiMMl oo tlui *»oe»iUo«« fvootioii* iBii o«ii to os^ oftooA 00 C#] 
f • ooaott. \<t I o^ ' * I i> l * » U . i ) 
iiM«o i io tsio oo««vAiooto Tootor of %ieio mm%m of MOOK of Wm 
Aooofioir oaoiooo onl li Io tii« ««ro vootiv of tho ooittoi ^^^m^ 
llwtoao, MA li> oaft |f > oro ^o laitlol mA finol lilHfotioooai 
• 6» 
tilting tm &• «• 4iiV^ • « S^VC*«I*# ititiwi A i® 1 ^ ^aamSrf^ ^^ c^ 
ttim iiBi%* In m^%w to tev# f«^w^r 0I.0&9 to naitr &^  ^^Aiams 
&*<'s*>^«l. i^iMi to torn v9^i$^Mm timt tls® v«&«@# difiplaso^itt 
of ^^ mi0,m» ^ fioi^ e^$iir@i ta 1 ^ fif0r^ e8igi& <)f %m ¥«rKy« 
i^ ia3pl9i«XH #^i f«^a6to^ doia t^tftsos @a^ »mio{iti®:i.ly wWi^ ti&# ^mxn <if 
on I9it Kttoftlilt in3ja» #f t&# Y«i»!if tf«»^tioii» UNi M^uM»t %rms^* 
tioft iiioi^ igr f^^ «Me^ a ii9&tios«l»l# ^fie^lii»i«7 offoet ^ « d««» art* 
fovtta f!o f«r i& i$&*4 k«f of B|^^« 
vsitig tli« 4^ ol>3r» ttoAol. f i ^ 1 ^ iui%tte« f&iiratioii» titt f<i€ii«toy 
««ii !»• •t$mmmd tn tmmu of oa^irifflontAl ^rwiM^%0»0 Sa tlbls 
MoAoX tli« ofariitiA &fi ae«fr«fi«atoS 1^ 3i^  tavnoiKlo o«oi3Jatoro 1^ 
tm turn mmm0t 4Xtip3m»miim% tfj em no tSmfm to l»o 
vlMMTO 1 ^ in t iM BOltflMUm OOAOtittt* l»f^it||2|g a« ItffiltaX « M l^tllfO 
• iw 
<r*> w -I 111. 1% • .li^I?} C2U10) 
t i ) Ei.#«ff t!it s®^« ttspsmt'o**® of til® «j^^a.t til® Sas-a®* ^ 
%iX} "Sim prelnd^iUty <if tliii ^tii^Simty iifftet d«0r^imi^ r^fMXsr 
f*^ftetor« of tiM 0OWO* wM -Hit al»«i|}YtM»r leiatXf A«%9a»ifi« « ^ 
aA8^tiiA« «f lai* »b»«rv«lil« iCf#iit mMii «» 
mt «ti«s«ot«fi8tlo iraliMH for f«C«Q«(^ «rtt - o*9 for «}&• 34*4 
tuft Y**«f tvwiftitloil ia ?«'^ ftaa 0*09 II^ i^  ^ « 83^  ^0 t«wi«itifiii 
«• 9 4» 
t«filliii%«t» C7J* 
emiiktm tm& ^ » f^ Sioiifitiv® nouses %^  a fttfllS'Bi^ £^9? s^ift 
^7fM<»» is wemimm* '^i» Immu^m <»r d@^t»i<i in ir@XcMii% em 
onlf €imtmm9 ttm «nr«rlap «»& at m imtM^^kmXkf iKtm wtlcwitsr 
^«rtt i f i i l 1m n» m^'i^ et 1^ « tvo ^«»Ar gtving i!)6 idii!02ftti^i* 
ltir^Mmi«r«f i f ili« i«ii#iMMit alie««fti«flt mmam§ Hi*?* i i i i l INI 
m 6«<MrwMMi iA thit ttwuMitisifiiiB wt tNi v«io«ltj iaorcRWi «IP t««» 
«ip««ai» f»»« ••»» «iit tiM r«s«iHtttlar alMoi%«A fliot«ii* «xii • ff«#* 
tiT«ly a4»et f««« t ^ tf«uwiitt«d iHMii oX y«tliati«ii M M I ptifftotts 
«v« yiiiiiMitt#<l ffWi ^M alMoiPlNMP la a «IAAMI Aif««tiim li iHa 
•llMVft «i« lost 4tta to aa ialaiaal ofliiftvei«a froct»ft» ftarlaff 
tlia 4l««if «r attoittd iaviO.* i l l ittm aaii»«a«oaiat Y«<4nKr« «ra 
t taatt i a* tlM iMMOiiMaai ia mm 99mmm9 aHior^liea a i ^ f i * 
afata^ 
I f foXiawi* ttoaMtfMra* tluit a imtm^ «f tlia tf«aftaitt«& Y * 
vay* «iupi«# tiM vasaaaat «to«o«%»r a» a Itoaol&fNi af u^wf^w 
«ft 9 » 
^tlkmrn tin} m m« miitoyp^&ii fds^  m« INMV^ lislni iNitiMtM l snl 
•Htcttytiim tt!0«iMi««%lm 0(8} for tut fm^^^m mm^tO^ ^WmuM 
^MlMUi mmh«wm «f m« itt«lt»u a«d gemvA ®tfit«» of i ^ tsf«iffi«» 
»ai», flMr l i a * Aiiaf* t$.iNm Hy i t » (3^3S> M » m fip»««fal &4ist«l«» 
lRitie» of !&• f «iii iKUiliMr t» 
f«r taftiiilMay tMa «litt»vlMy<i «NI mmewtm lm« • iiovsattlatt i i « * 
«jri%iiti«ii nAm m mAWk •fosl to «««•• tlui mtBTiiL Uat n&ilftu 
%M$jm lAm m immAm itA«i i» MM* i f tii« f init* mimiumi «f 
'Sim SU# tftteliitloit of «ii« m*mmmw wimmm»% %m ta t l t wnil;* 
%tym t# «nr«tt v««3r fisi«u mmwsg 9hmm» m» %fsm ^*>tmoi%wt «f tim 
MMNnMoe* UiMi ( - 1 0 ^ t&» 14*4 iMir of F«^) Un ^n S»i«^ * iMH 
« mmOX t^im&t la mvrgr «r ^M «iM «^aF etftt# ii««i»m idt to llt« 
tiit«f«eU3^ «r mo iK(»ilt«e mtH <^ 9 •xttmaa. «»il.»iiiM»tt mA 
i^tam %}m tm'^tn.'m %m9tt»U.^m mm mmmsmm to iMiif iiiiU»s»if»» 
Mtmttft A flSlsilNiiiir i^ »(rta<imf la si&maeaX^ ««$l«Qi@ H^ o mi^iro 
eftUo^ of tMs olfoiit i^ ro iK&oi <m 1M ©tatio ^ apwuio ni^ foote 
of ^ 0 solM iitato liit^motioiyi am^wod tl^Mfi^ t ^ wmX%®sf 
vtMmWmB Ci«o«f £i$poipfl.s^  iiattttmonoaoh t lo pi?l!ioip^ iat«r» 
«et&^^ «&iU^ oaA iNi @l»ii«4 <N I^.3r vitli t£to Wsi^aoor ^foetim 
i l t> Wwilmmt aogao^o 4ifo3k« intomwtioii (iCt «aiift«S«ft) ttift 
2tui il,oo%ri« Aipo&o iai«i«otioii {MX) 4kNi& not •«!»% ^mmmmm of 
ofMwtfjr ikfttttMaio ant tiio iatof«otloflO of h%^mw m^me VkJtm NSt 
B4f otOvf MTo 00 maAX iSiat ilM^ oooiiet )w vonoX^ rod ia a ii»«<» 
flio okoTO tlaroo ioiotaotioiii CiOiieiflll} o«a lo «q^o«ooA ao 
tHo fifffotoot of a aallMiav aoaoat {#il4li lo a oonotoat fpy a clfoa 
MIAOIMMMIJP tiraaotttoa) Mta tlio lupoovflao jj^ idbiii iirrMiMflgfl IMV IIMI 
o«a ia tlM waoiflpaaMit* BMir aof ooowr togotbor iMtt oaXf Hio 
«» %X 4» 
^im Qmt%im% immt&sn,tm @f ^ ^ fint^s wt^m» ^mM&i Sietatt* 
•J^ wMi Af mmrm ^ t aa^ iW M^ ^ ^ «*• ISMI mMaMjr xn&ii la 
illlft tilt 
4» %3i «» 
« • ii^* M- • f^%»(%trir (0)I»• LiY^m 1 Jit (itW 
mm^^itmimt^ m^ t ^ f i r s t m^m yntt^mmtiMn xm^vg tS0|» ^ikm 
toei^sun in tli9 tt«»^li«e^s»Ei 4«ai»it|' nt t^9 miolims ^ ^ i ^ f laois 
til* amtr^i td iai« alMt.dir^ iip «litiNi^ iim& mfB. in m@at^ ir«« « 
j^t&tSv* Ummv sliSft ispMfts ^i&t lim tlaetron Swuilitj nt 1 ^ 
i»o»»r i%ift f9«Yi&«A 1^ i^"^ ttSit s ^ ^ ftp»dtx» 0f n&f^jflSg msm 
1%XI^ of «li» pesitlY« and aiigii%lir« ieantr ^liiftfit* l a aftliltiMi 
vtktarm »%it% viiiQii 9tmm% im msl-Mt9i'* in m$m»wtis^ wsmVL tn*!^ 
tlt« mm^mt littir l^ii aoi »pX&t^  i&m 2<ifoM d«g0s«i«Qgr# for • 
eoaAifitn^ em 0 1 ^ mmtuit tmm l i t ^ t i ^ t ta 1£MI Ef^ » $lis dd» 
wmtB 
Cosu»«t<i^ '^^ * ^^ ^ ^ ««a ecMt^'t^y iw •iQ t^c»«tfi in lift i^a^« 
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«««lftt9«l« »M»a% of tiMi mi»mlM wmUm» own ^« 4«»«fl1i^ Iqr s 
^Amm ^^ ** ^ ; ! ^ ^ ^^ ^^  ^ ^ ^ H t oftmti»pti» tl^fig tl^i ftarnt 
t|b« nmoldiiir sdaoiit «»& tb« •ivotiriii tt^Vi gradient m% Hi* mt^  
oX«tt«* !nm»t ^ •btftiii a VASJM for Kh« uneCUar atnsimt mm 
jnN|uiv«« iA iaft^ftndtnt ifrilitstioii of tli* JF0 ttnacir* £11 <v«rl»» 
•« • ty9«» «f s«li4» %h» eeatritNttiaa t«i th* $m m% Him maxH^um 
«••§• fxfm mi %lMi ioBit idtMur^ i^ s ^ %• lft%tl«« »« « n^vtn n^ *^* 
s i t •&%•# l») ^ * ttttfiiUA iim«r «*»or f««ii«Uft ia tamositloa 
i»m§ maA 9) tlM iN»lAriwitiiMi of iiuMr sli^lls €vm t» tii« •»«» 
t«fMiI «li«r««« fliiil«i4« tdM fttmi aaA i t * vm «aipid3r«A ilAO* 
tfwi* 1X3U 1ft ftii^U copystttlt H M ittl«i«Ml«U»» of His yiAiii«» 
%iott mtvppeAXm ^ tii« inftiviiiiii «MV|or tvweititiffiMi mr^ 
•Ml Vm %mmH%f m^# of ^i« two Umv wm $%rm Clil* fir V^w 
l3/a«* f / t>-^|i / iai /2> i • «•»% 
rwinrn'inmiwiwiiiIII 11 m wiiiiiiiiiiiiiiii»>iiiiiii»miiwwi—» m iMMiiwiiHiiwii •JIIIII i wi « %Xi»2## 
|5/«*t V8>^ \t/^$M Vt> 5/5 • «••*% 
n&tjni # i» t1li> flttil* lMitir«^ tism ^|jr#«li#tt of ^ # ^t&im 9M 
f&«M ^£^i«'»$t ^ « veldts |}gf» ttimll.^ Hid «8ii» ia l«ai i '^ «IUUi^  
d««o»Atmt«S ^®t in t&@ «ir9»t (9f isMmtmm ^ ^® ap@eoi:Mra?»9 
fvwetiiitti %^ tm Mm® of tKt ^^ dadapupoXo £f3Jlttiiig tsi^ ^ v « 
4iffuroiit iuit«i»i&ti9e tmM « i ^ t&« ««»« ^isp# « ^ liiaif«^M^« 
Xt& 1 ^ f)tiii? l$$4 a^ Ax^ rttglii [XSi l^ ai wXm xwp&xt^i^ t M t i f f3»#» 
Iwiti0ii« of Uto field igf^isttt mtm3t9A$ wm Hoy imiro piilctt i ^ ^ 
Mfforwit i lM^f* 
X«4«f JlNPW^* i^ipoli Isloxsttliott 
•ocnotio Aiyoio a»a»at ^ • it»&m ttm eoiiMiivmtiini of polity i t 
ftico fiiiovw thot «ho i«ei««o OHUIOI iMuro t te MMEMtie fffmimtm 
polo aoaomt* t ^ iatovootioa of \m laioLoor «MP«1iio iiwMnili 
villi H M MuBMitie floXi H oil tiMi wi^ Loiiii i i Imowri BM noiniotl o 
Aifoio imovootioa (nraioov ^OOOHI offoot)* 2!M iiKt«(mo%iea 
Hootlifffttfilll iO gilNO 00 
Him «(^iiti« tl«M» flauit %&« i^^MiMe ^fo l» tatttamoitioa 
f^Ut^ n wmt^wt »^t« 11 > into iZt 4 i } •t^iall^ i$&<t@a «i^ ii@»» 
Bttmtmp9 G$ M*4 ]i«7 tfttsit^timi «f jr*^ i^ ^inm im fig* i«S* 
f l i t t« i«©l !S^a ^Qte® fOX^ tai« tJf lJItsi t iOl lB iisr* A I «a a , A « l | w ^§g % 
f^teli ^ i r» iet@9 to tim ti*!!!'^ i«i %^ ratio ^lit&•^l2t^• ^*^ 
iataatlty futioe em ^ of^imtt f»6« t3i« mm^ Ql^M^^'-^m^fm 
mst siigBttio fi«M m% ttt® istt^itttii i s ct*itri!mt«^ ^ t^^ #3«o«» 
tt!^ie oi^i^ital metioii w^ ^imiw iMt$M»$,e ^pia* W» f$m%4 
pfQ6,vmmd. ttf th» 9lm%rmij& »§§» mm. INi eoaeiAtrtA m ffo» liio 
ftpitt MNP^tisAtiott *Mit«i4« Aat inKlAo' l^# »i»ei«tt» ^jpfttmtoijn 
tiMi forawr ffiir«» «tM iipoiOMtiyol* iaKtrwstioa ait^  Imimt givtir 
vluit i& oniXti %h» Vwmie toatiMit i«l«im«tio!i (dOi iHioli otatvi* 
lb«t*« »oro fo the aftjsafttie fi«lA« viMjr* tlMix^  i s tilM A fiaiiii* 
f«i# iiit4i«ttfttioa» tu« • ^ i t t i a s ot tuo mimitgf a»v«i« l i l i not l»t 
9fmmtn%ml mi€ tii« espootruii iNMionto 90fmmtvie§aL with voopoot 
to UMI oootro (iMMi tic* X«2h £IM i^UttixiK itto to tho oo«%iftii 
KOiootio oni %iaoAni9o3Ui iotovootioo 4«9«iiil« o» tlio ao^iitti^oii ^ 
tbo two iiil«ya«tiooOft oa «Mi ^aaotiar of « ^ i$Jfi} toaoor i ^ tlMi 
Aitfootioa of tl^ o MMpaotio fioM otcoagtli* 
• 1 ? «• 
«xit ismtmM gwaUmvsf y^v f h* Slat mmpm mNt tmsfm to INI wm^ 
Him of t ^ Si»i «lifiit«i tt;i^ i«iw«ilftd a® iiiid«ri 
i ) In m 9&»B@a6A«lio «iili»t«air» Mist ili«F«{iC)^ }jll«lM<2^ 0f 
•It0^n»j!tid wmmit ^ tM «i#i«tie intdvaotioa ISSk} sM gt $M 
wM. kn&iBi tMt ^@ @iiip»Mo lQrp«upfi»« sfl itt l^' 4» «sq^c^«t to 
&« o&««x<f93 jmJ^ i^mt tut #i«Gtr^l« rtlaiaitl.oii t i i» ie -^ ^^ tft* 
«^t** '4%9 ^«w ff^ Mimtioii f«t4ift in i^m mAt» mt9 ^ » t# 1M 
l i l# «aii#treflt i^dtiviiici ^m%a»» uliieii <!««&• t ^ i|^ii»»i^i» 
rtliucfttioft to lM» nmef eXmr* Hi^  i^pUiMifiii rt3«a»itl<Mft # • • « • 
fXttotoatiftA in Hi* wigBwtitt fi»Mii at th0 mml&mip i4t» vMiaitliNI 
ia tlM oteAs« of yoataaiio* %%sm iilMHpii* Slift ii9iii<»i«ttiQ« r«a*<» 
SAtiim aiiNi ikftft t)i« lisiJUup offoot on tlio liat utim^ iaA mm k» 
•lov«A 40101 hf oooliog to lovor tisupttrntiiroo* fho aeot iiit«ro* 
•ting %iit OMiflioottA Oftoo i« tlio oao vlioro tlio olootiottlo vol** 
sotioa vtttoo MHi «it&ia «a eitor of WMeeiitviAo of wml^ iov firo4«o»» 
eioo* la mtik m mm tbo af iap>4ottioo volaxotiott «ivoi» vieo to 
flootastiooo in ttio aoflootie flolA «mft tlio Uoo liioodiooiaff 
yoMiIto, 
it) ®ko oyyotoi fioMs iotoiaioo tiM iroio* of ttio ttloetflo 
fioM gfoAiont ood at tiato tho tteapoal avofogo ¥0100 of tiM 
ft2ia fbii» t!i« Uit» iluif9ii also «{tt ttffMittft AipwaAi^ on Hi* 
« ^ n mm^^^ to tti.^  laiiitXtftV i i t« Ua$ fg* But in «a»» mj^m 
i»9dfii i«i1lii«tm«ii%iy r«l»xiit ttHTiiritt tin ^i»»twa «tyMiXil»dii» anfli«* 
t«^« « i ^ n %$,>.« niMiftiwit ^9g« til S||i ^ » ^mOLtMitottitJly iatiNNip* 
•AXaiaatloa& iMnrt iNim fMurr&«4 out m& rmmiXtm ltt&ioa1« ^lat' lAio 
t i w i Xiao mmwwmAm imm also IMM oiMioanrcA unicr liltmecalA 
9t««iuriot&om Ct4ff29i» 
kmm U •wtwt ia aolMs* fmf « M ^ ^ f«^^ aaft JNi'^ t m^^ Mi 
Umk t f f•'*— f^* « i i «m^-^ •»*• 9«eu2.«S«8 in « fa««lit«ilas 
$»om» siHifte« t^« 4ttAit«i tiiiv«LiAtiiins of ^M» ]^Mmmmm 
tmf ^m OKVxloA out fM^  Hit Xiao olioio in %h& p^otwaoo of 
1«§ Bi»ltm&£i#lt 
Wsm i»vi«f fftimNif nt tlio fii»Qiiiuioo ^feo;ii^tloa of K'o^ts^m ^m» 
mm%9A m^tm'9 ^Lsm^^ $Mme» mm% Um ^piusm^aiisi of tiio 'i^^^mmmt 
til* %9m»8itrt$ t»<tevimiir of -l^i^rfifio fioMo in iki^tion to tiio 
u«i«S tii^o iMoponioxit no&wiifoismt^ * It in ^ ^ l ^ i a t ^ t^ 
%hm% tli« «i«pir«iiittt«£ 9klMm^ toko sovoip^ ^Uife for iftto mmxm>* 
ait^oA 4iao to oti^ oaAi iroai^ ont* '*tes^ o£di^ Of * ttoliioi of roinoisi^ 
tho d&lft «otiiii4tion t i ^ 1« oai^ oiotiol f«>i? %lt« inTo&ti^liofl m 
i t noiiM iooA to Niv atpllOAti«aiO litli iitQV«ii«o<l feOAHitiiritj* 
A iinkl. i^|#i«r aoAiilotioit tooliai%i«o pfOfo^oft ia tiiis dioo«ift»» 
tiott ^wttlA iNirro ^MM purfO«« offootiYoiy* An •a»t««aotiiro 
ao^ed laoooi oa ^ o eorvolAtioa aooiniroiisiott io «I«o Aooovilf04 
Of tlM MIooNltoy spootoo* £bm doei^a oad fateiootlott Aotoilo 
«r tHo ilioON»Mi]f t^ootroMotor ayotMi ovo tiv«<» ^ Cteytox^X* 
tiOA i» A»t«<st«a ^ %e @«fuii»p«»<i»t nf %9m tti^i^iittaA t ^ x m ^ 
T9mmaM mwsM mt* i» wsm^m^i^ aert ^Smsk 1^% 1^ mmiXlmm& 
«fv«iilii« fl^ift i t i^nttlstlly %li«i «fti# iKifH teeftt nf 1lfe« ^ flNi»%ftii»y 
t««Bt«itiQa» Haft Wiim xmM^m <i«3i}^tti0 ®«^f for mmli^m ^sm 
•oiaNNi/iAttrlMiv for th« ma^^mmBmA c^ yoooiUooii fimeMoftO* 
iv«» to obtoia Boioimto •eoii;r««ar i% t M oiNBOWoldtott of 
opootm «M iMUi «o Mioouro tlio ooiitit wmim mt iprootoy 
So HUli iof» «boro teo iNtvi n» kmmm midiaA of •iFoliiog Hui 
aoodNtoooaoat miitfttioA« ift «lio %«iiM»i«Aioa «ooattxy» 
2a HkO ooottoi&in oqN»<iMOiilo tfeio AoiootoiP in MIAO ooatitivo 
Xft mio oooo Hio ooiq^tiai ooa-«oooaNi% jsrooooooo «ro of looo 
i»jpwr1hMi«o« iifloo Hbo dotooter 0000 oaiy ftui ooaflovoyf aol 
• • mm * * 
nfi i t It ll^^^^eti* for 1^ 3 r«ei0:m»g(© •eat t«£l^ l%l* '^ l^ «»t » 
tl3® dfttnotisa of l^ @ Q«»^eriiiom @l«d^^ 2iis 0? &f 1 ^ a&«@i^& fi»Uo* 
ratio* «.^ jmttsjdiv,' esti^t^di^^ts art iiroirtmt $n S£^->® «^«i^ 
Imir® mm as^Hstatu:! H iltatlo.«# 2li® lattj^p-i^afsttoa of umm 
teto aoTOims s Qisi^i? of @Cli^ C;ios^  Q3ip i^?feaatat Qml%%t^m %M» 
'AM )m^% i&^i^tiiit mj^  cosmos ^ i^>l»M ia b&^ 1^^ eea%$tri»g 
«g^ t«iiAL #^iSii@ii «ji^ ari^ tta%& i® tit# «iitaig»iidA est % ^mjm;% ^ 
of tb* •]9«Hi»«fi« i s «!.««> tfi^MKitittl. in ei^«r tn auLAlMimi tfe» 
iMi«lcgi»ttsiA i««tt#ri]^; irlil«li 4Mm hM^ %im ^ttimt ^ 'Utt Mg^urAt* 
In iotb til* 6tt8«(i i>f ii«%i»iijr»-iiimti» fh«i miic«»iAii)il« iMtokgrmiiid 
mmMu slumis attooipuiy 1ili« iit»«fit3. nigmO.** f^« «»tiiiiticsi» «f 
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thm mlr^mlk mm i^ ^9 twrnnmHam^nn 0mm%^ &• tut t0 i ts 
«iq?«xiMHitikL «UQ)lSdi^ aftd tlkt fiwt tHat i t jpii^fi wAX lam 1m» 
tsmmUim m^Mi in wm% »ti»il0«li@ia& ^ tht m^^imm^ iij^ttt«»* 
eoo^t 2# A»t«»iiiMi %%• vmmm «^«««f tioa a»&»»>4NWitieii ae 
« Itusietioii of «mfV|Qr» ^ « t»iBi@nitt«d t%3m of Y«^^^ 1ti2r«iii# 
^M mm$i%»9 i® «9aitt3r«d* l«i«li met m»»pm vaslfttiQii ie imliiffTdA 
9^* 1 ^ Al^Xitatimi ^ «Mili r^aiMWm l^i^flAr ire^i^tifte of % 
f •« mt/m li#tir»0ii th% »m»im imt s^^mmhtst* 1^ ^ t fd^ilowiM 
SMtlons H^» ddi^^ «»a fi#j^dati0ii dvtaiie &f a v«»^itii» 
im x^s^  &]?« a i^rta* ^^ » ass9<^Uit«i ^lootvatiie <ii««iiitiy ^ 1^ 9 
vaiiieitjr ^'sm9 mmtmX c^ ®tiK^  4«t4@i is aiee 9i^ 2aiii»ft« 
lli» ^eie i^ r^^ iesl iaela^pl.8 «R]^ I«A in tlis 92«etx«HB0«liftiii« 
«ai irttlodi^ taMUff^eir is ^it 4i^lAfi«Miit <if A eoiX in m fttA<» 
tiimiixy Uttifi^ai WMPW e^ fi«M« m i i metinii lft«il» to tiio #«»•» 
y»tio» of ia&uooA iroXto^ pfopsrtioiMti to ttio JUsotiiitOttooao 
Yoiooity of ^o «oiiret* A tiNHOOii i^tiOf mm §m i^ o o««i* 
totioA Of ^o aoiiift (Aiivo ooii) ool l^ o othor for ooooiag 
tlM iootwtottootts volooi^r Cf^ otoip o»ii> io osa^yoO* flMi 
ooii fiWM A1«O OMTfion « Inrooo i ^ imf wmn^im ^ ^ mwmw 
m% mm wa& oM ^o gfotlii^f to IMI wm& %m ooooolo^oft n i ^ iHm 
ifovio sottom to«ltiil«ito ti» mm oliooiiiio iroiooit^ ooiilnnitioftt 
ot tiio &Vk97t oaA# flio ooii fvmm tioot oitu Hio Iwmoo v«ft io 
iao«nwt into tho ototioaoxar volfosM mpiotio flolft onO Hio 






'Soft iron annular ring 
'BaJiitJ ] 
• ^ 
Soft iron horn shape bush 
JL 
Central brass rod 
Copper 
coil 
( b ) Dimensions are In *mm* 
3.2.2 a) Design of the frame carrying copper coils, b) Beryllium-
copper diaphragm design 
nmt wmgmt luivlskg 0»i^ « 76 «i# X«^ « S8 sn foA • tMsl#.t 9f 9ft Mit 
eiaa» of t4 t^od^Mt 9kU»f mtviiW9il«m% to MMi,^o^ ta/Hm 1^ « ^^^^ 
i^ f«& tott^ IN«ra NM» fal»xleati^* ^ ^ l»mt^ & azift | ^ t d» t ^ 
m%99l> Mktn fmm$m ^ ^ mmettsMm/^mMi:; a^g&@tl« £1#M a£8«B»» 
9it 4«f m i^itli Qt rnimsdAs? c^ lii^ «4 i ^ ^ n of iiiiif€»rp m ^ t t l o 
villi u»am msm!Pm%%m ^m tn^tmktU teg»tbi«jf with t^09 l&m 
mt&XtOm^m »tm^ ^»l%i& «aft mts> mAlms on t ^ tr^iit r^ili^ tJUitttt* 
f^ irllMiri m l«ii»« ait et aj^nt ^ «m leai wenl nC 3 B« lit Aim* 
»«««r i s fts«t WMMii«3.ljr 1^% til* tfi^itm 9t tM 0]rU»lxi«ttl. t«9^ 
af«s fyftst («»IJ. £vaiB«) «€ 0«i2» je? m and I.J^* 25 MI tevia^ 19 
Mi ift :u«gm* kt Mkt •soitatioft out, aJMmt i ^ tsuran of •»•• 
HM ••iisiiiKi flol afavut 2 4 ^ tiwrnn of giii««Ml6 rnkmrnUM oopp^r 
iMvijii «li« voidotiRoo Of I. li^ uM aiPt wninl (INNI I%f* 2«2a)« J^ 
pyiasiplo tm »m9km «ol^ •hoiiM not oan^ oirmnft «nA 1% MI»% 
iMfvo 2ftf*c» M t o r «f tttma to md^imm MUIMKUI laAiuioft tolf ogo* 

























« 14 « 
i i f t o i m tut t«9iiiaf Dliswiit a n ^ IIEKNI fttfongly tlwa ^ » txii l* 
•mwm.9m& ^ t^» a« i^4i» of ^ 9 «tt9»^o fi#l& e«Bfi4pi«ftti»]i# 
eftrntiQis* £l# titt|lki»igis@ ar# aait»®i / i^di j r urn t ^ onA ]^liit#» 
ftf «i# 1^1$ a«atttM7 lieMiiig tiii« «ei3. f«^«^« ^Im falir i^ti^a 
•ir«r« 1^ « iNatt fiitlibaA to tlo tisde ^ i oomM ko tti« i^l»««aficttp» 
viag toeifil%«Mi tNtt i t wAi* not «rail«liao to no* a«i« ittoitM tm 
toksoii in tiio iooipi of oooH oooiiRiiioai iio9tio» «o e^o to tefo 
f:roo <vilri^ti«aia» isotioii iA^iAo tli# n^li^iw MMpioi^ o f i o i i ^m 
oil. ^ o ioirts oro ooaoiaaiUA toi^t^oir l33U ^^o |lH»t04S<iypli ^ 
tsam foiri(mtoi oioot«owMi%«aioai f'oiooitf tiroaMbie«3t in s^mm 
in i?i^ » t«3* Sii« ofofotioa i^ tli« t««uNhioor oitbor in tlio 
oometoot ooooiofotion oi^  ia tiio ooiiOta t^ iroiooity 4«i^Mo on 




1000 5000 10000 
Fig. 24 Frequency response curve of the electromechanical velocity drive 
25 
%$»n not* «Kf oy»i«kti«ft iui* toooa* » i»tAa&AxA Mitti^ An i^ UmlA 
of lOlssiMnMijp mptmtwwmpf* 
fbr t%9 &*0« e^s^ tfltUQ&» XHS^  tswoSnet^p i e fo»n& to lisvn n 
fairly isaoS Xi^ar rt^ po3c@ well oror tlie di6|?liic@".t««it of j^ I«i 
tli*$ tvm^vmiv %% til® t i » of ^m2^ tdiMlt imu not nm^i^m^nff 
6«« to t:'0rt c-tme^ &irsa. vitea-tisa timunC, 50-4.00 Has* uach ei»* 
ocieur wx^vLit. IB* 5 Ht st^ 4«$ M&* Lus^ li a lar^i$ L-trpamtl&n i» 
£m&»tmtt.e^ ttm^iAmstiiiu i t dus tu ^^ t^ j^ tclal e^'isi^s^tioft ad#9«k 
tad Sa %h« d«@iisn of ooil eiaoin^ imt i»t|pittio flo^de* Fro«i 
tho foopooeo obarae1i«ri«tiofe of %h $ di?iva It i s «loa^ Hmt « 
•tftkl* Mfiip oetttrol »|6t«e Awim oouW. ^ affiret* ^ «df& & 
iPolatlTo ofieo* 
oi«i^9i*e a r««iOiiaao« INry^ emd 8 lHa la ih« tiswu^oar tc«ifrf«ar 
l^iaotloa i i a tii«Nit>ei% far paoordia^ me KHsfitamtfi aptat^a* 
She Kanfoll aaifio txiKsNIttavr Ime raaoimneacs axaand 93 Hn aad 
9,X litta imkXtm ^^  uotftel^  ^or tli« d«a aotalatlaa toohaitttft 
aieoatto«c^  in Oliavlorte If «ad f • 
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2.3 Vtlocity Servo Control System Deeign 
The Mttssbauer driving uni t in oonjunction with a multichannel 
analyzer (MCA) data prooeBeing unit forma the constant accelera-
tion mode of operating the HQssbauer spectrometer. In the mult i -
channel scaling (MCS) mode of operating MCA» the channel advance 
clock pulses are aleo fed simultaneously to an external d i g i t a l -
to-analog converter (DAC) and thus the channel number i s l inear ly 
proportional to the drive ve loc i ty . The signal output from the 
DAC i s thus a saw-tooth type. Alternately, a similar type of 
signal i s a lso available from the analog x-output of MCA t in i t . 
However the signal i s of the ascending/descending s taircase 
shape requiring external smoothing c i rcui t ry which i t se l f i n -
duces some non- l inear i t ies . In our experimental setup the DAC 
signal , obtained from TN-1710 unit i s used as a reference s ig-
nal which automatically ensures synchronization between the 
drive and the data processing u n i t s . 
In order to design the control system i t i s necessary t o have 
a knowledge of the frequency and phase charac ter i s t ics of the 
velocity treuisducer. I t has been reported that the drive r e s -
ponse function generally contains additional resonances around 
100-200 HB [32] . Prom the design consideration of a stable ser-
vo eystem the additional resonances, i f any, should be far r e -
moved from the main resonance which i s around 10-30 Hz. As men-
tioned in the proceeding sect ion, the higher resonance occuring 
at 4.5 kHz great ly enhances the s tab i l i ty of the control system. 
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fmm im <mtpat m»pttmm iwr«fOF4 will, not te fidtHkl^ ypyi i t^* 
voltsctft i i a»pl4fi*& ftoft ftdiKC^ tK> i$i« i i lT« ceil in ea«li m 
I^Hidmtic^ of thg input; <^i#iil« Ilis sO^et^ 'oiilo oixmS^tti $M%&» 
lisMtm? £;9pp3^ j^  Y9l@«dLliar s^uistiam C34i* 
|iM»t«4 at •?«27 »tet* a» iaim«trat«A im tlis 0ir«mll AiagmMi* 
fbm mpXi£l9A »Xffml in f 9^ to m» dlxiTd eoiS^  of tbo tv»(i»<fcBO«» 
thvotigli » 9«w»r aBtXlflor* 
t1m o*s«f• iMD««& In %h% itmeor (pititoif oolS.) ^am to i ts 
SOtiOtt i a 1^9 WUfOI^ M l # l « ^ 0 f l « M &• foA t o «!l « « l t t « r fOULO* 
ifor ooafifloratiott of a ;^ l li^ut opovatloMa. msUt$Mtm SIti 
l^ ialRif alAaal Aooltfoatod a« 'eostvoX ai«Bol.* i» auwd at IBD* 
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jaDnpsuoj*; A;po]aA am p SUUJO^AOM ;nd;no-)ndui 9-2'6ij 
AVTdSIO 3d03S0n!3S0 WHd (BHdVHSOiOHd SWM0J3AVAA 





4« «ui wm%if9^ ftl^piaPl mimU, «nt l i i Hi* • « ! • «liftp» • • iimM «f ttai 
f>^«r«Ei6« daif «b« 4itf«ytiiet of <&« two oiiimlA %• tfUw&t Mum* 
tfo»«ir«y» ^ 9 ttotiml. evtor ttiipMl lUfiilsis t^« Vtfl4»i1^ tiwtodttMiiP 
in thd ooiuitiiiiit iKMMiJAvmtioti wt&9 te» ft pAYilmUo fwViX^fii m% 
M#«:r Qs^^lifiofttiofiie* :^^ M^ tm^sm&^f mx^^ft is Mbi«ir«ft 
mffOfV^ ^i» imwUjm ^ « oapa«lti^M»t-O*0t ^ «evo@e 1110 f«0i» 
imsk m^B^m^ of ^ o offfos" mn^lUlmv^ f M iro3.i»i ^ ^ 0 oii|Mioi» 
tor &8 e^of^ ^ to SAfis* «sof footodt i^ &0«t t«ft I t tm^iot of Um 
rofitlUoii suto of ^m rofoaraaoo #i£^ eml. imd tho gaiii ^ M3cliEil»i 
for a iital^ l^ o funottosH^ of itio i^a^ «N9 @^t«i« 
; ^ p:»iii^  aifpili;i^^Uoii io &Mm^ ttmmi^i mt^rmt mpUM^ 
oatioa of t^o oxfm^ @l0isl oM tl&o p^^x* oep.li!l<^tloii of 2 m,%te^ 
lo fewoM tfoo 4«e« iumt&MM^ m 2o« ff^tt^ogr ou^ff nois^ io 
aX^ «aa^ :Lo^ 4 ot f ^ iopul e to^ of Hit ^mmv a@fIMiov t^t^ a 
tiCwao^foili tisio ooaotmt of 2«« l^&o fliotog^i^t^ of tti© fa&jri^D* 
tot imit l« iiHMiii la jrt«* 2«6« 
flio ooiioMitle dioflfaai for tlio ^^oaO. Sn^ romt of ^ o mtiS^im9» 
wx^Hmmt to iMiowi la ]?%• 2»7* iSio foyfoiiiiaoo of l^o Yolo«» 
oity ttjpivo ia oonki«io«aiy aooltovoft oa aa oaoi3U4iaooit ao to 
tlui oiiaiMio of tao ooatioX wsd dvlvo i4gaaXo« 3%MI ooatsmX nMI 
ftfiiro iipiaSl awrofoxas i^tosvaj^lMi oa a 4«al ttatoA em ^%9$im9 
aia onova &a ^i«» 8*8 iatieatias %» oroiall yovioxaiiiao of ^ o 
valoeity ayootxtMiotor i»|«t«a ovoyatSag ia Hio ooaotaftt aee»I09r»» 
tioa aoAo* 
a«4 CaUlratloa 
Urn aoeairata iroloo&tr oaXilafatloa of tb« Aviiro la of aajar 
la wrftMf t« «t»amt« ^9 iM^tmUm. puemm%»WB imm m mmi^m» 
VBS&mm^^ «» ^ it firet ! • thm tsttfrntimtioii i^ E^ii ttitt irgltoity 
Hal ^i» ^WIQAA o!ift i» %im d«t«mlm%iflfi of •ii^iMii^ iiea^* flMi 
ffltHu^ @if fiialiBg tM «£biffiA<a ii«)$itei^  crurrti^diitiag t^ ^ « 0 In 
Y • @f ^isi»ii!t ^ e »&m in t&m ft^«t4Rit <»)» ^ Mt ifieti»r felilirt* 
tbei« i« »o msi'Tvi^Ml^ «ee«ftii'^ e@armtli»n ^ r ^ i£i 'v^ east $^ 
tli» dflntiw 0f tli» isiQn tp^tifitt III a*«aet a^ a tNraQudas?' &t«a&aarft» 
lim§ mm hm to glva ^ « xn^twiiiii* vltat mn&taitdii iM %aim^ m mm 
iliift iMm iJimmit HHftii aiMi Miai^ w«&« '^Hm iMjtt «if ^ n ciatilta 
• f t ^ ftoAtua aitarofy«e«ti« nfMtma i^tli r«»p«ot to UMI <r«iitx« 
•f %mn •fctttinai i» » 0«t97 aat^* 
4A abfio3Lii«« aikHHratioa «f a tMm%m% mm9t0tm^mn ^•et fo* 
m9%mv for tbo aoommto v«l.«ailgr mWofmUam im atoafttMry to 
Aoiaxalaa tli« taosir ooaU rolatiTo ta a pirtiaalar olamiOl* 
tli« afUaal aoflioA aula^ Noira ^attosa t««littitii«» doffO t^Mit •!••» 
wHmr^ ISIU imt Hui ibMOalo ««a.ii)initloA of m»t0mmit a»|!a«tfo« 
aotov iMia iNNm iofaloyoA la oiiar lotooratoyyt 
• 30 • 
2«$ JNmniM «ai 4^«««IMIW 
:m ^miTsm mmi in ^ 9 m^wimmv 9S99Viminti^ mm not «£iimiar 
mSXtm&^lrm mwew, 'Shitm tkt* «b mmtt^r of «vitiei^ ^ tie twk^tA 
ixit«rt«tf §m ^mM pMif#r«ii^ iiil3.$* aMdi» ^ « mm mit^ tm&u 
to tlm M j^l'^ ttt intrnm^r of fUt^ Demtr iimnti^ nut l^s l&t lusi^rtst 
liftH«4if9 @f tlie pvi^ n^ MSi.' ii^il4@« . ^ #3it i^0' ®l^ ^%t!!xii isf 1 ^ 
£j«x^ «d trill i-tteetiafttlijr d^^^i 9^ «att^ i^ «me fia t^ortt iilc» im«ri^ 
nittit («)« h«lf«4if« pf«led C3^ j.)f Affcetlir^ ii«liyi» tt«f9iffttiir« ef 
tut «6ur9« amtxiait •%«• flMiii« doa^i4««mtiosft of ti»i i#»«)i«»«jr 
vltl^ 34*4 k«Y trantltloii of I « ^ i» i^^  C«^ *• « fttimit in xti#» 
Alius iiift1i:Pix« 
mt •ff««liv« tliielHitfe@ of ma &ija^ alieorliox' i s tloflatd m 
t^ % ^^ A^^ W^ A^ Sk* liMiro 0^ i s ^»« t i t n w alMmrptioB «iis»»iii«oti<wi 
(i«t$)t 4^ ti»« 9iiy«iflal thi/ttiOMmm of Hio ftOooriov Itt <•# i^ tlM 
•wlwr of m%mm/m* «C tHo pMrlioulav oioaoAt* f^  «io «ooeil>Hrvoo 
jp«ii, i^wir«rf I f tji^« i !&• Mad ^lu^s ocuM Us ais^ ami^ ff&tea 
t«r@ 63^ ^amve^ly %m^^ for «imisl&i^  tm mmv& y««ari2i &I p^t* 
f§» tUft t^irar « i ^ mmtgu» la tisa ra»@« of 9D««i90 itV* Bit 
•ttttr^ r9(Ni3^ tt%lM vltii KdlatlUttlloii ft«t«et^iP iM vviy p^»^ »•• 
lew 40 Mf tlM cM«<ill«A vrep0ftl0iiiA 9mtAmr i« «mifiaX|p iii«A 
iKNMMtig* It tm» wtjt «»oA ir««eittti^ ia tli« «i«rg|^  awiist l<Hlil iMif • 
»«%• i t !ift» lov i«tt«tioA •ffioi«Mgr« ftM »9UA •%»%• d9t»«l»i'« 
%$3m UtiiiiMMUrifiti fiunnMiivs | ^ « % IP»21. #«eo2r«d fMrgir »|MI«» 
•nit* inMNMitAA Y««I9» «ltli «iitvar e3«»« to Hit UMiilwuoy Y««^rf 
0V KiMvo ft ooBtiiMioitft i^ofyuft tOi ^ti0kt^toimi^ mMmU»n ftsietHf 
iibm «•• of Iftio l&li^ rofioltttioii Aotoetwro Xllw )»l(M} ftiiA #«(I4) 
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Fig. 2.9 Typical Mbssbauer spectra taken with the spectrometer 
system ( Source: 12.2 mCi Co^ '^  in Rd matrix) 
in t i f • 2*9« flit ttoure* of 22*2 sOi ti^9m%0^ i» A0fitt»»d fxios 
tut oini@tt«lsllIjr iiV«ilA^34> uaita iift t i» imaviiitloaiX aftilf^ «ts« 
Xt lia® to l»i antfd ^At $i^ » t«i(S^ not fa&jrieatiom et t ^ YdXG«» 
tim IfmM^ msd.%MkM em^s^mnt»* MM. ^@ pds«&^l» mm^^^ XiM» 
Imf and M ^ ;^rtti}«iiei9& entofft 0^»m^ iiBiNi]jKi««# •te*» in Hi* 
ypr vsipti*, iA tH* e«i^ of U»4 ktf t««iir «f J'o'^ tiio Mmroo 
ooito wmfmAsmx^ii too. %xst. iMiv.Y«'««r« f*** •••^ ^ ^ i i i i^ 
toaoMwit ¥«4Poy* 4ft«y two»ift»l«A tlivoii^ «a vooooKut «IIOOIN» 
iwf*t «iio imoiiproiiiia 122 Imv T«mr* v^^ ^ rtl«tiiria»jr mmk mmm 
ifl*«i»o* SlMioo Y«««V« ^Xl 9roA«o« eoivtoii iMkOkp^ otmA* iriar1AMM^ » 
aer«» i f oao migUfm m mlAtlXlMtim ooeator mn m «t«oolor« la^ 
ittHc muntmf of «lui gholoattimylloy titko ml.oo oiotieilNito to 
tiM fcioififowiil oooKlo t!Moi«iik iotool&oa atolwaiMi* SMuit UMi 
* 5f * 
to tN» i i d t ^ timt ms t««iiiil^«i«c m tmt m^n$^ im ^ A l^ & i^lM»i«r 
«$»et3n»i«0pf to not «l.&»iiMit» %tm ttrnts^fm^ i ro'^ l^ i i* lfwlii@x* 
t ^ a t 8i« i^i3Si^  l«ioy«cii« tB® dmrmti^ m of ^ 9 wi^jawtita libl^^ i t 
etf^t iy^f m% 4«iiral^iii« m$ t«««i^ t«ttteti@m mA pil«^«i<^l#t 
iijmttMfi MiTd t^MiriKit i is i t f t t ion a s ^ ^ i t ai i^f i t iMm^&mt^ to 
SMivftoii tlio ®3^@jfi:^iil^ with t&9 ai)ios%iHP« htcTifig 34)« t^m^m 
mA %im mmmm «it^ e^^liOdt#d Y*'9»iar ®$«iitm# 20 cKNif^^ts 
th«i« Miai^l^oiie mtm mm tmtm$m^^ ^^^ ^«t i pr^mtA mis^ 
im^Ummtm mtmxtina i% tHu «iditiii®«ft iMmtdtim% la tii« lniOlfi«> 
• r 1 ^ ;^ ro90ft«^ t«f)l]yAi^eti ft^ proeiAto^ i« tl&o fei loit i t i i 
s^oevftci »»<& «oiui«t(ifliitljr ^ «Ni raft at «bMi Hit 4l«t« m ttOO»» 
uttlatfiA* fib* •j^^lsMtttflii %»tflmti|ii9ts for f^« 4«1t««tioii «f SB»» 
eiftiX' «tt!its «»• BUM hmmA oft Hit 4ftt» ftO^miMitloii »yf^%m» 
muB^ tfi^^s^imsBit 90mmam in ^ui fio2A» of oonwuiiysAtltfi tt^ 
ftntf^j^S^CHiiai «OKSiap«««atii C9$i« H I tlift foil^ovii^ 4ig^^sl<m 
« mm mti^t^ hm htm igm^B9& ifeJ^ io te&ol^ oa 1^ 0 i^ iyaiott 
fti^liiAa. tnal ir i^ m& moly ai^plSeatioiw iw tit* »iiMi»ir«i«»| ^ 
mifiOtOiir vfottls. litl^ 11 f^ooljkH f«f«riiieo ^ msftlaaov nfool^w 
•ooif mnA ytftwlHiA ttagulaip oo]mil«tlO!i ClfMK 
9ttttl.Mur ovint* OttoooolMNPoi ia Hio MaouroaMil* of ytajri^ UMl. 
wmemmimtm miMg tkit iSoiNmor rooooaoo «3^ t ^ povlwrlMMl onpi** 
IJMP mtwmlm%%en m»9 oottAlAoioA to too • i>olft0Ott ^liotvitiotoA •to* 
elMirtio 9i9«o#o C40]» fhm ivoii«i«a in tHo nmoiiroA «m«y.tioii 
io AotomtaoA Iqr «bo wmOmw of ovontB ipoeov«o& i« iwf iliroA 
oi^ofi&iftto]^ «oofiffi«Pa«io«« Im otHiim os^oo of ootvolntlott 
o^to i» aot Uaitod to ^ o oa&otoaoo of yvoooooiag v*Nniar i«i» 
oolotti Xwfoy i» ^^ifovtlolo ooloAoti mmU mm^^ •ovfo oa • 
mm^mv «dt t i w ittfittitiMu At h$^ oomi m^m iebm pmM^igiU^ 
i f ««»ttl.iriiMi ^Im talMdiiiai fia»t» as iiA09t«« iik wmiUm i ^ » -
ffo«eof|p in no l«»g«2* fim i^^ JUii «l«i }il|^ evuai fa$« tt»e«»tl«» 
f lit «tglKrmtl9a of «itdoen%3«tioii msM, mmm^mmmtAnom t«<ii«» 
tit^ £fi«]i CtttiNKriivd imimt) ic»r «itttl.ir»i8i@ tii9 aiitaliiMr r^mmtmti 
mwB» semtim l^U mt^mmUistiX mmaL^wlB im mi^kio^gm to &•» 
lAjrod m$im$AmiM9 mttmrnmrnamtf^ 1m% mwrnieiMimte emM It* pf*** 
feti^^ «fr«» vit^ ft Hingis 4«t«e%eir« Bt* tftto^iiM emmmmmp^ 
90 em i»iiM «3i^of ffom thm mmff§'Ktmmt& iMmlsAm tMMMamU 
mm^ mmm3semm%# It iilSX Im ^mai ^Xm %M% ^ « «Mi:iyiis 
to l^ytirna* vwrtaUoni* tlit tlia* iwuHii tMilittifa* M^f» i t 
9«ai^ l>a« ^ MnHjhM tiMi iii««lMMi«r 4iift»iMnt» •»& ISM fill; 
MiWNirMMmis f«r •todgriof wi«Uar t^n^x^M iat«iwit&ttit»» fii« 
lMl««r miAim%Um» iMit%«d f »»• • nnlltMi^Tt mmf9m anl 
4t«M4#ii li|r • mmlmmt mdl«tl«a Av^kttor ttoaM to «Mm»e€ to 
Viyr*iMiit Ml «i«i»il« «f VMtoa vi«l«lilt» ••ttnis^ ail wmMnm 
Umm M to* INNA %im asift* to^ i(t«ilft aaiiii to mn9$M9mA 




tmwpGms €umt$Mn h(t) mpp^anrnt^ m 
SSSw 
xCtI »Z^Ct •• %^} 
i3M 
fth9T9 t^ wm t!i» mg^^m points «ith tiaifon:^ dmeity n mt tStft 
sNml t i ;^ a8i&» ^# d9t9et(»? a?9^oiig« tsMitfisi«kti@a ^lael&tm 
pj»3e4»i»£> Slid j!M|^'iii»t#d ^ 
«i(vl«« flgii A Iji ft «»»Gita9ftt di^tnllag ott til* i«««el!«r* It is 
9«i<Mi«i lMiv« tlMi «««» iSBplitud* iftUlk tt*i^Iiilil« 9ri»« t i a t * 
i t 9nf o«Bii« «mtt ^Mi tf«tM«iir wanmit i« «oii|f«ft«« of ftii6«s 
MViviaf «t v»aiwi l^ bMi twrniof^ «ii itt»«al»X9 ttf tiui t#i»fi9ii 
9r»««a»«« Hw MiiBMiMLs «r«]f»«» «f IAMI foi«i«a |«tNi««e«s aCt) in 
gkwmk m» 
T-»00 • * »/. T" (9»9> 
ftttl &% is «of s«atf«Uar »«ffi«i«it f« 9mmiA9w oaS^ ttai iat«i»l# 
ttii 9«iie««iN A atv citatifttidttl parwwtAip kasm& m wtooers'ttlbai* 
tl0a fteiaoMcm m(f > li^titi isfoin^st « u ^ t^ttii em * t i» l^ l * is tn lit 
QOii0ii«r«A* Slio •nteooxvolatloa £tit»tion iM m^im ^t Hit m^ 
It is a ««3J. Imem f^et fMt ti»T M, mi^&&Xe pmemm» ^m «ii» 
f la i t * t%m inttwiftlts QoiiM li« fte(x»imt«A fox* l»3r tli» itc^Hytlitff*• 
iii»t:iMa.i$r (» • • iit*9*97}* ^ fiiiP,#Mi ootti^ d«ar»tlfNft nan li«Ni i a 
tx«««iit«Uoii of tli0 pm9%»B in «li« fif«ia«ii0gr Aooftia U tlui i^ o»«y 
•pttlmui i^^) iriiliil& is oJLiio lai«m • • Hie spsotyai 4« i i i% ftai i t 
is «w fmurisr ts«a»fofiB sf tits into«»nr«2«tioa fttaetioai 
, + 00 
i^ tsrs wisa sf tlis pnsssss n » AV«* ^is rssuits «f Jits* (5*9) 
«ai (9»i) St* «»M «f M^MMiAUssi myrtssatAtisas ^ tiM Httsisw 
fiat illtffMMittlUi «OWiii«V«A ^^0V« 
In tiiji ^^Mi&xsr of &«9#»iitio ]B^mmm a ire&«ibUtly I^M»O aty 
M oosiooitoi to fo^s^^ftt II ftot of ifiigi^^ oa Hio oiHlaNi mmbi 
9aA» or « i^ni0ii of t%* m$ m&mtS'i outooiao^ mm vm^ mm\mw» 
ttfiuaHir tljio ifi^ ^w&os «iiA tl]« ovwutt tmltm ^^^^ oaft ipaso^ n^ s of 
Ssitt3nralL« ii^&md Iff «Bi® 3ox*ia fl4iM t42j« tJ^ ^otoetoi!' INNI«P 
S^n^ l^ xmti^ ii lt(t) om 6t ttOoount«a for ^pMrntciiir im »^» iMm9*» 
pP9tmt$&n of oi^ nKtaiataX roe»l.t£» Zt iM aoi otooatiai to hm^ 
1^9 £»i^liitioii of t0lioo^»? ptl^ eoc^  H'li tlii;^ «&03PO 0^1 &• no Mis&t 
to t!ii m%m% »mt9 pxmi0L9!^ th# €it(Kr^^ mx^pi^ i s os»ispo&ot of 
fal4Nif; m^'wim ^t j^ o^iilam tim* ^^ lit ^m&'blu^ of ^teo patnti^  
fotii&ii SI BQtt^mm w^emmu wi& ttm l&a ipro i^^ Slilisr f^ oatitidii its 
a^ fonod to iNi k<ioNii« $^ soflA mstmskt &timtV9& $xaflng tlio tiiao 
ijil«wi^ (0»f) lill^ 'Ka'l^  ^ ^ tlio wMionlilo iKVoi'ik®o of eCt) !••#« 
<I( t» MMsCt}] -pWtl j /nCtMt 
Aaft its m$mn otnaro iraXiM 
<l»(t)> • 4«*Ct)3 •n*|A(o>|« • J h * ( t m O^s) 
f^lxM i* tiio wilwMi rwSLm of «itoooma«tloii fuaetloa 
J^M m J h{%m% • tMt {f.») 
Banriag toyroMMtoA tbo at«ii osrroBt output oo tlio «?•«!(§• ooiuit* 



















Fig. 3-1 Idealized experimental arrangement for the study 
of correlation functions 
fls» e^rmi^tta mmitm i^ omM t^Ujem ste€3uiftti9 !»«» siaft* tiiwy 
€mifii<lfr a east ia i^ieSi tio w^^%^» s^dlatio^ of tjrp««ai isift 
ftfidMm ^ t^MmU^m mm mitmtx^ WMI^^ la All ^$3fwVlMm m mi& 
tyyf > la li|^  alttag ill iirMtiea* i9it srolNriillily (laeielti' 
^(i|ifi^) Miy )Ni a«aooiat«a vltii «ba angular aifttnimifm af im* 
•I*«r at^ats ia ooSa«iftaMa« aarlag 4«£|IMI« lii« pvoayt 9»ia«&« 
A«wa wmmrmmnft ^9 mtma^^f af A«l«r*A ^^tmiAmtsm mmmw^m 
a»al» Ma te ia1i«adaB«A Hy aAAinc aftotii«y nuiAaa vailaUla Hia 
i«lay tia* n* to •aflh pata** flia 1irf»«* iwiialtiaa oeoar^ af %|^  
•aft tuaa Hia 1ir9«*»l» laAiatioa !» at f|^  • «t*» taox* t|^  inA «* airt 
iwiAoa •aviiMila** tdaot tb« pMaot of aroatir ia l>|^  oni l^ oloa 
foiK a oto^mo^io laootoo* th« ofa«i»*oa>vaiatioa ftiaotlaa of 
oviatt 0^ oaA o^ yiolAot faoa »%•• (3*8) mA (3«10}f 
irts«s« |1»Ct*|l* aoenmit^  for t^« «* Stip93iA«it t9aipaitiii«m 
^t* (9»U} «liaag«i«» for mtelk sn «a^x!li»ntal. mx»mm^'^9mM$ to 
'j^ £»j^ p«»tftt th« <Kii?y»latlo» funeHoii® in m ifSMitri^ fexis 
for t ^ fy«fit«fiiqr «i»JLf^« «Botluir maAea imri«1»lo i^t) « 
IJit) • l^it) $B li^itmA m€ ItB iii«o«oyr«is«i(ia fkiotitioa i« 
mmSkft^B &«^aft« on tlui «v»ll*%ii&% «f 6i#Mi2. 9P09«Siiaf <!•• 
««6I« to $^ Wmt^ of raaloii leiiool ooitoll^ « i ^ v^U doflnod 
At»1nPiinii4om f^o^oii i lm% ^ l^o al» of ^@ pt%mm% meaHfAB t» 
to ngfttt^ oeiso ^m lt^^«v^i» fioMn oi^sv i>f t&o il&sii>«sio«' ro* 
of voAiatlim t^o anpHt^o of n^oiUloee saAifttioii fo l l i f i i o» 
HSMIXV ft(<^) «t (cu« (o^ ^ tr}"^ i» %hm wmmttiaiXmmtiM opflituio Him 
f««giaoo9f <^  of ^ « xttdlfttion *i]& <Oo dorxwtf oaAii to t&o tuBiiil* 
t U « oaovwr l^« I f Hia olMior^w lMi« jroaoooneo* at a;^(|)« tlio 
OBByloE Aiolooti^ oiootint (44*49] for tut JAtn t^Mor jritfia* 
tioa 1ft ftlvott 1^ 
t(co) • I. • Z »|t ^JCJ) • 0)* • icorJ-^ C1.1T) 
iiiioeo cC }^ io f«*oq[^ aey d«9oa4on«» Hio rolotiofi iotirooft ffOiw* 
gotioA vootor k oaft ttw frotuMmoar"»i« so l.oiigo» Ummst^ fteOf 
ttMi MM^iMWitie oMpXitodo o(^) oftoi^ pie«ii^ tliyo«i# ^ » 
yoaoMKl Obtof^or ilaoiicoo to n* (^) glv«& «s 
• 48 •» 
fMi • t ^ ^ i ^ ^ <»fl^  tmlst»v Urn rft&noed to & uimi^lmf :Q»a &a ^ » 
i^ btlfti** ^S^ 6citift3?9 Qgf I&9 Aii9li^;^it flit*! Ottn te i^ Slixeid Us 
k » * ) l » - 1 - ! | « t o ^ , ' (5.80) 
«!ilnl3^  &t v^lA far ttiln a i^^ rlM»7e t4£i* ^ tbt& eq^tloii 
|i » 4e/r &aii o)^  * co^ =ACO i» %^ r i ^ t l v t vfttrgsr i^Mft ^t»9m 
f^ i t att«i«iftt«4 hf a fai»^» 
|w*(o^)« • r V 4 
r*/4 
«lMiv» tftj^  i« tiio aw »^ iMftAovptAim «i«fll«i«ni oorxvi^ iMilliJwi $• 
fj^ mA f^ «fft «N» HiftttoMittv £m«ttea« of tli« alMBiiylNir mA •QM»S« 
]m«9««tiT«lft A^ ^^ wmimr of roooooat aiaoXol por mt* [47] • 
71M oaq r^ooiAoii for m« foetov |li(f *) I ' oe Aofinot in St» 0«3.t) 
•oooottllng f ^ tlio ottoaiHi^oA ttupouii^  o roooaAnil uSsmtlmif otn 
Ho viittoii AO m mm of omi*voooiwit fvoonoa mnA m mmmoM f»••*» 
«tott 9i*oi«moiMa. to (X » fg) »«& f^|«(«*) l* vooyoottri^y ^ Hio 
1 / r in t ima units 
Fig. 3.2 The expression contained in the square parenthesis of Eq. 3-25 is plotted for several values 
of a to depict influence of the detector response function on the autocorrelotion func t ion . 
m 4? «* 
AG) 
j ^ e t %o t^« d©t*Qtor rsfeponiNi fufsotiy^ aafsna^ tfex^uji sp tbft 
Fig. 33 The last term of the spectral density function in Eq.3-26 is plotted as o 
function of frequency to illustrate the influence of * isomer shift*. 
fi«M vsLfS^tloa) aai tho ramilts ^r» prmtms^m SA fig* f»2* It 
i« miiSLmt tmm tli« €mxt9» t ^ t f<»» « » r «!• ^<gi^ «!ii»r vmom 
d«t«etof res»p^ii« Smietloii it» turn trnQum^umkUmt^ ^$ tlit 
exe^ »MQ0£»r93A%i9i% funetliiii ai^C^tt*) m^ ^ i»ipx^smt«A m «& 
Fig* 9*5 tfnir i$4iv«i%il. viklu$& ^ «»ex^ tiMf t^ ^^* II Is ttit«yft«* 
oM^ar Miif tft* )ten Aco » o tb« vlAlii of tut %Xm i s alanHit tl»» 
attlmna. Uam viiiOi sni tiaae «• ^v« €tia« cmiQr «itii tli« a«tll f«r 
ft oonrnaH&afti J40»iiftii9V wj^^iitumlmt' »^tttt«« | in thd ^mmm 
tluniiii^ Dt^]*7 Y«XoellEi«s fii»» i«ii«li OIMI 9m ••tiiwittt a^t 
•ywlteeit tli« lijrytvfifit fi^M fftffffMilKiys* ZA %!I« prnpemtiSt 
•it&«r f9m %im m»^m»fltk%$sn tuam^lon «r fxvitt %i2t ttptdtxiki 
d«ii«lt;r iMMMMr»9Mia%» C48i* 
ftw •iMitfvaA l iat em^ft ia th« fw i^tttAef AoMiia of a »i«|!i« 
Fig. 3.4 Effect of isomer sh i f t and quodrupole interaction on the 
spectral density measurements of Mbssbauer radiation 
• f itmmt uhU% a» aiiawii in tie« 3*% Ift ^ »^ «»•• e^ U«4 iMiT 
•%%%• 9i iifi*^ tiMi oitarv«fi mT9mnj»m0^%ti^ to iti« «i«rjgr lAiIff iir 
of 2»r«6^eiii^ (m iNing Alt iatt^v)* Hovvrwrt if iMtli th« i»iiiM9 
i^tif t sfill tpA6xiip»Xii &f l i t ting «iif3t in an^ r «l»i0«>}ii»i^  tli« itp«e1uni:i 
i^«p«fe viJI. li« 4isrf«]r«Eit ttiid til* eoispiitsai rof%ilt@ «r« ^oim In 
Fig* 5«4« Ii^tii tfi» vifitii^ im@S'9<iti»ii of tli® 019^ 3® aid!i« ods 
em ©siHiy i iMit i^ $l&^  ieom«r &MXt ftos t.'i« ^aSampeid i»pl,it«» 
ting* ;,&»fe» sTfeWtat© art afpUsa^^la i i t^ @ c&t» ^laa t\^ t^-» 
t£iip<ia« &fiitti^!^ i® Isr^r ^la^ tat afttoval* I4kii «l&tli r « fn^ 
eG»pi»tir3, t.h« oontottJf on m ®«s5lisi»el0 la tiie uppt:^  ImK ©f th<^  
eQfijpa«ie pla2i«» £:»iii«« ai'^»viSm «i^Di^t Hate fiiagiaaaittitft a% 
<^  « ^ 0)^ • i r » ?lMr ©ontnimHoa f»9« cow • o;^  • IT eoftt^ai: 
A faii%»r r/(2 co^ ) snA tiaiv i t i t imS^ie^^* S ^ aqtMitioxi (5*1.9) 
•**- ' 00- co^ • i r OJ* • CO'* m i r 
• - A p f Faco^«ij i (£ FAco (5*27) 
fttt1ii»C s » ^ «• co^  • i r ill ^9 tixv% iatii|;jr«I %• gut 
^^ 4vw ''^ 
ArA i»it%iitg e » «^k *** <^ ^ * ^^ '^^ e«eii!i& liat^^i^ li^odwi 
a ^« 
"-'"C^O-c.^) 
s mm Urn tor iXiXsi fur s§jmrn,ttfii; MumH tvyystlQm 
4.0D 
i^ ^^ nt t-TiCi ViJdi., im^r Ig ^000:3^ 
pie isa»i|3ttlat3,0ii» o.^ 'j© oati s@t 
0 
ao 
¥ltli I^M iitlp of it&lfi ••aXtifttion tfoo t^tpam of t i» tyanmittoft 
iii9^tii4« »(«*!» for t^ d ^uadnipoXo i^pilt onortiias «oxr«i»ii^»iiliii^ 
to co^ and ^2« '^^  lElvoa hy 
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Fig. ;).6 Th« spectrol density os would Ho obtained using Eq. 3-30 is represented 
as Q function of quodrupole intercctioi to b»*ing out the salient feature of 
the time and frequency domain meQsurtnrvents. 
«• 4t • 
mi%*}\* • «• ^* j w^ { | ( f ^ ^ tAa!r>} • • ^ {*^ '^ l^'** • 
CO 
#i®» '^^i^ = C ^3^ • co^ l mA c^og = C oog • oj^), '^ feiij t^ntttisa is 
C'i«S4>t sa t e l i t n t l ^ Mm ^z^'^^uAmi far ta.« ai.i> r^fc.i®a faolay 
[ifeCt*>|® fej^ «.it» C5#5^ )# &m ctom to ^la# 5*9 %5 ^ 1 ^ 3 ^ ^© 
©l^iittits:!. *:i@ ^ «^^ fsfo?ift4i% :^ 6|®«3ti»i ^m^'J>&L cairolatsd idtli 
\i»9 eiffi. ml.^ f&j^ f fmm m &&£41&i' %i@ f^&i«;t tlm ^mviltt ^rimS>»» 
in,^  to mc^ Qfiaiit ^m&^mu n^^wiXaXiie. i««^«iti« :^ 9rpii^ ^»o iiii««^ 
a^ioni«r i« f«diti(itti to mm mM t^m iaarptirniiw imt^^m^l^iiii Wm 
• 40 *• 
t ioa th» •!£««% of WK^SVA nael«a:r poy«»r1i&tloai« ifc •%»i7oX«irtt to 
'-.Mr na^i-tet'ioa is 'ri^ SiC fo* ; o ^ 1S2 JiaCf « ^ 14»4 MV t-«t eo»r®» 
c!0ttt<t»at&» A'fto® ^%e* C3*3^) a ^ 4^*24) tb« tmmmrvstaM.&ti fmm^ 
t i O f t f o r ^AC &ttldS«ii t>«IQOIII@« 
f ^ oiproibidcia i j i tli« ^quar« l>«eiel£«t ie elailax* to tlio ono oW 
tttlii«4 in tl^ Q gal^«)(l ooifielSonGd flKsaeureBioiit B 93tG0p% t^.«t for 
tbo eonvolutloa «sf th® d«tooter oroeo-«orriilatlofi fiinBttoa. I t 
ie oirviooe tliot tiw ^foetrai donolty olitaiiii& tli»»i2# H* (5* 32) 
oottloliie rosotaoaeoo ot tlio ^myootoii^ie froqaonoioc Wm 
^1, t41i. 
iji ttie «a^ dsiisi£r!it£il 9^C»»'^ iti:y of £%* 3,1 ^s» tti^vo&aeU&n ^t m 
IMmb&im aliimvimv la ths pifb^  of tg xvi^iatioa thouM si^e «$iaii§« 
1i}io Q&xts&atiQ ol^ D?a££t0;e df tUo otttnir ae^ gglintioa CY|,)» Xlm t^ ^Ni 
oaXmlnti^ ft «f I lie's*) I' idXI giir» th$ eff^iti^ of ^^ CSg^ s^ tt*! oM 
las? O0m'®iiiti€ia st^tse, AIMI attUGOurralatiwi tvmtltm t^^^M 
^Xl hm^ fli# wttmt'c Q£ bom, fi^fm%& ^ MC m^ 'Mii&^n^r r@m»-
aaae@ (&i tiie tif aetmX danfsitjf of '-^^^M 'Bill lmv» a < f^i»»«-t»x4» 
»tie J^t^otw^ fitit to .Bytisausa? at»i'ori,ttioa aitJ«aS ^ » o ^ >ug 
#jwjiia cto3?6ettri€*^ Hjfp^r^nt tels^stfuetioa trB^ncmtQt, 
tlet^ ftir«nicd»« "ii'i^ mmrmgin^ la a&ditloa te ^» *«rafi^ <iit^* 
liafi ewrlaia iiraotloal ina^Xieatloo* ^n^jeiaal dot««nlaatiefi of 
pmvr%imm ef aa^ r slv«a parooafti uader ooa@lA«»atiQa Xiaitii tSs* 
oti»a«Tatloa to a Aofialta portioa of ti£» (Opf)« .^ Iti afip»ct 
liae tha oinnatta la{ilioa%ioa t(o aooatdvjr tlia aofs&itioa ia «ala6* 
tlac tlM tlM (0*1D) for vofniltiag oliaanratioa to h» trnia* 
fha wistttblA wrwrnm of i'ol&fion iapaloae x(t) U^ h^ AoflaS-* 
»ls(t}j mn 
• 50 *• 
"* ^ X X *iC%ft2>at3^dtg fey dsfiaition C%^) 
Afc^ aaliitj tti^ l^smwi pmh^tlt^ &9m*i%' af i^ liii pm&&u, ^ « auto* 
ft' 
imbeti^tioii of £t(t} Into 1^@ ^t* (3«55) jloMfi 
Al(f J e .wmii # " ^ < r **' 
nhiOb lnpUoti tiiat vhoii aS « 1» o^' « n(aS)**^» I'xom 1 ^ rola« 
tion It 1ft oHvioitfi tiwkt B» f ^m tiMi VftilAnoo of tho tin* 
mmfo&t (ftf^  «^ *^ o ^tf^ to m»mm mwgfw, ¥tim% tixo mamrmmtn 
apem UM%«eL to a ^^meU^on of %U:m iQ^2) ono m^Au to &ot a oottii«» 
ti&n foif i£i9 r«aifi^ l@ is^ lJLoiiktiont^ * •MXS^ m oonaitiaii i# giiirm 
^f ^Qtm^ym^Vt^ Inm^xaxty C4Si irMett do£imoe tito pr< i^ftl)ilit3r 
a© ^&£$ss$.xi criisitioas for th0 a«tl^ '7i of ©^qfesiti^ ntu. 
03^ cm 0al«ti^t® tli^ ®ttm%& of amtx^^as <«^ ©^  ® ps^tSoa COff) 
oa oo2v®lati0n ftiiietio:^. ShiL l«r»Iv#c foti i^ copaor a<»aon1^  
®v#y» tlioy «lo atJt otx^ r^ m^ i^ or® iasit-lit into tli® |pol>3i« ©ta«r 
21m fovo^^lAg tf^fttaoat of ^@ eorrolatlon »oa&iir«@eiii6 
ol«arl2r Iftfo t^t l ^ t %&« sorrolation t90hj!iJlq«3£ oan p o^fltAtol^ T 
too iieoi& i» ^no an& fr«%u»fte3r do«»l.iie for mifkkytA.m ^^ auolooy 
liarpvrfliio intofootloiui or lattloo TitoffrntloDBl offooti^ vmlat€ t ^ 
SBOloor r«&latloa« "^ha oonolooioiifi of ^ o j^oeont tii«i»fotioo3l 
mmXf^» wctt no wmlort 
a) tionAoa eipiol. «ri«U.y#ii> using tho oorri^tion tofdmli(3ttto 
ooAtolaa tXt th9 f ttaiturop of hyp9Vttm intoraotlonii o^ eonratoXo 
tluroiNli ^e«to«a«ir yooooaaoo and p@rtaz'lMiA oa^las* oorrolatiOA 
fitotfioe* 
nam tiae domgda nr %ti tM fvm^m^ dfm&ln sf&miWLnc ixi tb» 
ct^^ti;^# uni sMiX niitaJLiiifits mmmmm lAtm^ ^^m IM^B wm 
«^i@ii Oieott^eod end a ete^un^tle t«e^siiad i^oli msk ^ «mijQf9& 
&S mml&w^ T&mmM f«if»yaf i^mm a i l f f«r»t il»w ^ l a t t i& i^e» 
ummntse m0. wimmiJ^MB ismel^mM rm i^Htion t ^ t ^^i«ii ^owi 
%ism& m® hmek^i^mx^ amnt »m%m i t tmt& thm Vaskt of ^m ai^iial. 
ttm vmlmi^ mtmtu a asv exportis^ sitiis?. tof^ ml^ uQ i£.< pm^go^^ tor 
i«t«etlii«i the «i$^i^ 0-Viiig tilt ^aliaiieoiavat io eigiMa.<*t(»«ii0l.iN» 
MA itft e^Xiottfioae to %^ i#8al^«»«r r^mmaam ar» ilii;oa»»«0* 
Af9i«pfi«t« «xiB9l«6 ar« fiMpit iriHi in g7M t^«r dat«ii* 
4 * 1 XA«fOdlt«tilMI 
iMie kcm A«ir«Io9«A for 1 ^ til«^ frooieiofi iMiMi«r«ieal6 &i |^j«i«» 
«ai fiMatiUfto «aa oeatvoi of paiwiotoro ioEVoXiroA ia tbt 
•Mt* C90i« Xa aU HM kaowa eaooo of a«aimr«t>«ft%o Hio o&pial 
%o ^  AotoetoA i« oitlwr of a 4*o* ^ureo ^ of a vlX Aoflaoi 
fx^tttmqr ftourotf. fim a«o« m^ts^ of Ep«elfle tmat Boa^rwoiit^ 
t i o i i of isiovo^fKVd $?«fiomi^ @ $M»c^ @3?pti0ii» otd*« mr» ei»»» cs^f ^3» 
qmn UM& 2*at'® ifaaidtlv® 4«*®o£iaa i%mk»m (m^li£SMy/m^^m% 
€9t9t!tm*)9 &%,^t@i hi^^mti ee90tm^^:$ ©to^t trnm hem am&i&^^ 
airallabl3 e^-erlMmtal lufars'StioE i t I t propo^tfi tlist aa »•©• 
i$m tluS^* ^^ fctatitticai la mtui»o a^ iw i t i& i^ iiyws tJat IM ran*-
<IGI,. tiL!igi& cjf ttatls.tlCi.A mtui^ si Zjaifljsg ib w«ii. anfiasi* ai4*ti?l*» 
l»i3.tioa tom-sioiii Qm ^t& Sit aaaii-g^ fo3P %h» ofejooilvo s*f i^lgit^ 
»p3.o^B Ctii ©issri^  irariatlftfii.^  t!ii?©«a^  JoppMip ©uata^tloii of ^ » 
eonree i?llb are&peet t^ an lOsaorlitr, ;:!» aj^flioi&tioa of iia eiOSlw 
tlemli isoStiJatlosi i s tlm mB&1mk9r r0t^ mmact& ia»fidrptio» r^aat® 
i» Ik wm tiNslml^ tt® f©r ^curfiiae th& it^mmmsa e^mvptl^nm stile 
t«efeni%i«i m a®®ig%i£itii& «i& 'Aiial i^ oppXsr ao&ulatiom* ( P M | ts<dii^  
a i ^ « aad 1% $M liiono tiiat ttie outfut o£ ft &yet«i <^ iti h% nan* 
Ijrwia thftiu^ ^Mi fm^umiCjf fllt^viag oaA llio titse So&ola til%mif» 
lag t««hiil<iu««« DiteQ i!Mi%ho4» @iiha9i03 th« L^ /^  m&tio 1^ iim^raX 
WfA^ate in r«lftiiv« afti9»il!iid» fioms&md to tho ftTftl3iilbi» M&Btmwm 
lipootionotore* 
i» «lio«ii ift i»«etloii»9»2f liho lamtftl roin^o&^tation of ^Hm x%»«» 
4ioK jproooofi in fti« fvwsiaoiior <toiiftia is ^ o povor ^pootnai ls{co| 
aivofe fts 
•»55» 
ey fdi? 4 l l a)>o f %|j# eut< j^e fr^\mfi^ of tts© ij^tctimj iL C^m 
Qh%:m ^^ ^atoo^r ifi.' m&& to €i^4m om t ^ ti^aaaUo^ t^^mj&mkny 
Cae i t iii- tl;3 Qam i^ iiSiuisMiioi? f««3e^ & pa^i^iB' ^itmj^ e* roemiaffll 
a p^ii^ Lmi'X'lv^ a«t8Qtioa Sr^ itar, ^iioiii to aisj tmrsatsaie of tli® 
ve27 s^iaJll ^i^jialL Insxioa la nol&o a^ t io «i%?i&l. seit«c; on flit 
iiO<lulatioii timmmit^* 2%9rwtor9t i t 1& ttx^Niot^ #mt th# €#t«o<» 
tiofi fitfu^tiirltJjifi Hit a^ i^ liieirtd in t!i«i sil«etari»i £pia iis^ ^ioxo« 
finxm V9ii0tia»oe» oouM «i»ii IM» a^i«¥»^ to m ^mmt 9x^m% trron 
for «i« vamAora ti^mi 9roeofi««a Xiini %tm oiio ooeautatoirod in ti^ 
aoae«ar«&«ttii& of £#it»lMni«r Y*v«ar<»« 
4*2 Aimiyidls of 3«oi&i|Voiiivl iu &lio ^eoDatsor i4oa«ir«3mtft 
In tHo Boriua ptit»o«4i9ij^t oaal^io (tf t!io dotfOlor oatipat tlw 
isiai^o ohamioi oaaiyoor {mk) i s sot oa tHo mmBimm» f^ o^rajr 
fliofopoak of tbo ooureo si^oetvna* m$ oiagio oiiaattiA oittpil 
oomoiotii of roooiUooe ovoole* jlioaaii a«i^otoft ovoatii •»& t£ui 
coaytoa «v«a«o a«ioin« oat of feho M|^ onovgy Y*"^Mar iotootioa 
• 56 • 
fUllQ^ wttliia th» tolngiM tmtmiOk irJlad#ir« jiism§ ^ » £i)A output 
mM^ssmr om^wptim^ In t:# aoimaX ooiitieiii^ tli» tmelmriiitiifi 
Xt»ite tii9 f&«a£ltiiri%' of Mi» m^s^mmw rmmmxim a^itorfti^ii* I'O 
tM f^t&kgimtii^  i?a4$atiQii& ,^ -lid pari&<M»i#it aiml^ r^^ i® ^0%&i ^ 
mjit off©3? m.^ h8^ of filt«3pii^ tiiclmiipi* 'ZtmT&iQm$ ^ » aiterw 
isatlira ©ttUtia ^ le l i at rwSleal^t^ dif z^srmt froi: tl5® i«tl^t*liiit#i^ 
:^£0^iii«r t<»x^i^i dtli@i* mm^ra^^imt ¥«r;^ {^s «2iimti!i£; from tlit 
^0ht oec^yiitnt* «Mliiifi«Ma«l/ to t .9 mit m9thBd of diit»ell.% 
tin x#afaaftu«r liJk^ psal in 9»««ftti6l* 
fhm motB0 Im mmmily r&t9t?r9^ t& tu® imimaftiiil tvmtii Anting 
Ally atamiriiioiit^ a»A tintis tt 9im i»eliiA« die«iur)aiiae«» melt as 
r»Uyt til* fttnl«jii«nt&i aoififf I^ OO««O«B om N oajkneifi^i f^^ diA&f 
lAt« tbv«« typ^n «• Ili«x»i«l9 shot aad l/t aol»«* i%o ttimnl 
aoli»t arift*« eiae^ ieaOX^ from tha prineii^ of oquipoPtimim of 
•ftor^ owl tho oiproe^ioa fo2?> i^ xo«ai«i BotioAt 49hnmn, iioi«o» 
Oitf v«Aioostiv« aoioo OQA b« doduood fyon tliie Haeio dofiaitiMU 
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(c) ± NOISE 
Fig. 4-1 Frequency dependence of the spectral density for 
different types of noise sources 
nay §$wm. tof»p««a%Gir«« k attmm of i^ aa&oatl^  4MBltt«a |)ftrtiQ%«e 
itXth a fiO'mtmt amxL raSkm h&& a ^oiseoa diitvitRitleii* In ^ « 
eafio of dlotootlan of am€ioaota,V3 pE&rUoX#& tli@ mi^ip^mM wmitu 
km/m a sfaiiiatlon tmU^^ ttmiAi m ^oi&eon m»i&e %M.iM In niidUar 
to ^mt of t^Mft »o^@* t^i@ 1/f noiiio ii^  isportnit at fir0<pa»oi<* 
0£: ^jlgir X;iO «l& fox* t^&t of tli@ tsssSooijdtiolNKr 4ioddt!> ui^ ou «i;^  
ll^^ls imS,v.B caiye0L» c^u' £jai!Lpl»» 'Uo T^^OS' «iOi«?c® iti»ia.i eoa* 
ty,c 36.®^ ;^^ !' feliHai* -If«a tii® xm|oi? i?o2?tioa of tn© a^^ cliiaJiii? 
traiisitlan^« l^ietit tU'j p!r»i^ii^ umu'eat of «>ico to *^Q ir«»W 
dutaotiaa a»»u«»«l» HI* »^ ;^ 1»^ #& in tias MtiL'miMJC Jt.*06mma0d aJ?0S 
ft) !ioii»r9ai»iiaot Y*n^* 1») titsi^i^ noli.@ 3.@«^ l!ii; &o t!^ @ 4ark 
o\trr«iit ia photooultiplitr wsmH In aliijooi&tloa «rit!i ti«I(fa^) 
•oianUfttloii d«t««lK>rii [SXi and e) X/t ool^o oozing ffo» 1li« 
ftoaiooiidiietoy AioA«& ote** i^ ie for^ ox* twi foJUloir 4roi#i»n ai»fri«> 
butioft waA tn* »jp«oti?al iKiliaYiour of Idioiso noi^o eoyrone 1» el»i« 
lar to tb« rvwxlt of j ^ , (4«X)« fhsi pfo^rtiomX oonntorn ssii^t 
tiATtt tboir aoieo nf •ctxun lairtly of Vf typo «nd pirtiy of liilto 
itoiiio* ih» oloetyoiiie fm&ixtt^va oto«, yroHtieo m^&m vsAViatiott 
of voXtogoo aad tuolr spietna dxotfiliittioii i s uaifora* At voyy 
tU«t% oooot xmtoB «i« iMMiJigroitiul tftmtft »ffoetiToX|r Xtoit b/U 
fb* 1»eat immm smmm of dSnmeimimitlm mmA.mt n»iM9 i s to 
noAuialo t£!A ini^nietitiis l(e-iifo<iii h^& raiiiaisiosi aod tuo rotoaaaoo 
for et^rmt 4#teotioin oper^t^ c^t^inotioacis^ at ^ 0 i90€l»3;ali.o» 
4*3 i^amifia ^® i«pQOtra tlisftmi^ ;»^ mX ^ppltr llo&i;iMtl0i% 
ulioro f = f^esuroo * ^^tmrmt ^ *^® t^tnl. weoi3L*«fy®0 fjraotio/i 
for the rsufeoaaat ateoi?;ptiQia of t*^^«»» i^i* * ^ i-4|fe^ lwiti? &p$&» 
twa®eopy lii«s #««3f.t2r ^ i t i of tho oBiliod OA* ai>g>03plie& ^•x'^ fe ie 
motiiovod ISin^u^ a ralati'r® mittmn of tho t^ ouireo ult^ rofi^ot 
to an ftOoorlMir* la sraotioo tha Y^ vasr oa^i^^ ^^  i)^ iitfopt liiio* 
arljr oroir th^ oaordar raHago ^^ i tmm U^^ i AE) Iso CH^ ^ t AK) in 
« fix«4 %tm %^ tmA ttiie f o n ^ asolioit io rototttoA* mm to 
tho IHiyplor Hi&ft %ik% oaorar l(^  ooa i»o m&r^tsm^w for t&o iraop 
typo of i^oieoitr t^^Lm«X§ oe 
N • * • • % * *o • 0^ ?<^ *^ *« • >^» ^••'^ 
imoro Ai • i^ir^o mtfe r^ - vCVti^ • f )**. Bt« (4»5) l« llio 
popular aot^ iod of i&oppior eiiif %i!ig tho OBOXBS^  for olioorviag 
ffoooaoaoo aOiiorptiOA oithor by piil©o«lMifiltt amlyi^o or IIC& 
aoAo ttoiag tho oultioiMattO]. lOMXaraor* i t title m^te9 no ooatood 
07 
•T 1 ' 1 f 1 ^ 1 1 1 1 1 1 1 r 
. 0.125 =Em/r 
Fig. 44 Dependence of first harmonic amplitude a, on the normalized energy 
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Fig.4.5 Functional behaviour of f irstfR^Jand second(R2) harmonic 
detection amplitudes in the l imit of small modulation depth 
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Fig.4-2 (Q) Intensity modulation of the Y-ray resonance line due to 
dual Ooppler modulation (b) derivative of the resonance 
absorption signal due to Doppter modulation 
vmmVcm» r^w&^ up9titm»oopf nvtltoi of ptilfi9«^iglit fi«l«etl0m us* 
pXoysi Im Um emm&lm f^t^ * ^ tsU&mlutol^ nmmmx^ for mdk m 
of ramloB cicmiie It it* pa?oi,)oi*©d t© tot3i?£>iuc« m adOitional 
Aiopitl^ ^ ti©atalat4Qa at a well aofijpfi fjm u^^ aosr cog^ * 2Mmt *.q» 
(4«3) «tild ^^tS» io(l®r tH# dwii ^^ o^ jilai? tnjtuJAtlott soaot tis© 
ti«l.# of vtiocity moto^tlDti uji&ar tfiu coiuitioa 1/t^ « '^^m '*M® 
s^aiUiotiol Daatiiatiofi tfWJfeformte 1t0 muuMunr t*^:^ ^i^rptioa 
itito a o@&f IlOEtad function f;li4«h Oii»i l90 ^p^i - i^ t^ ^ 
vli«v« o^ i« th« offoetlva raaadautt abmvptiidn o«oigci«^#etioa of 
tbo rotoiHuit Y«fajr« C'^i* •^ urth r^t duo to tho appUo&tioft of 
»lii £u t^««Midnl«tion» ISio abeovptloa ai^al 16 ooororlod Into a 
ooaylox ulis^oi Z(H) «hioh is a ftmotloa of faaOttMatoI f^^onojr 
co^ and lt0 hAXm0nJk»&» ^fam tlio Kousier roproeatitatloa of X(S) 
&a 
1(B) •" I|B2^ C^Ci)«OB ttco^t • li^(E)Hia aco^ *-^  ^ '^^ ^ 
m ^ tho Fouxl«r ooofflolflAto a^ i oaA b^ » i^ lio gmphieal rofro* 
ooatatioa of i>%m (4t6) giving tfao oliaa^o of Y**n9 ifttoaoity 
ooi««eposi&iitg to M ^ fraquoKiesr voloctity moduXatieti 1^ llliitit«n» 
t«d in M'i^B 4«2« I t ii^ ••ld«&t tmti th@ fi^^ure tlbat at ttm Sa«» 
fJiietioa peifit ii t l» i8i/-3sal i© ca!sret-«^ pris 'srl i^ of ^ 0 ^isdo* 
mftntal. i4si 00^ wh%,%a a t the o«iitr# u of t!to i i m the g»»Aulj|t«4 
iJl^ulittUdr roi^QmmQ k%m^ ^^ tr;*^ ^ i\mi&mMtk%^t tiid L@ooai^  £^U^ » 
i^ oMo* m^ th:i M^'&v tiameonio ti»ms, At tli<» p o ^ t 4 tli# m'ir«« 
fog® artfes^Mss; 1-li® t.ii;isii a t U y^t i t It ixsf&rt®d h^ I s A 'lU^ 
foMie^iitaX torn £Aaa)^t a t tiitj ^jniMtL A*, h* &^ «• hm^ opp»» 
«4.*s® t l 0 i tiiiila GIJ» til® Ssaj:tt024ioii 1^2a;^ag th© eoi^triixt t^mm 
hm® tiio c-jr^ -o t<i:^» Aftui? a oamftl cte^sr of tim s^isoj^ptioa 
€0«iwatiiro M*« ^ a ^ i i Cceo ^t^;* 4#S) oi30 em. miAvA^ ^feat to 
tasi; fcto ^^ t SI; G «Jas^ «*© ©f tu^ »iopo ©t tlia vi^Lomm® ^wmp* 
%%m omwo ^ i l o til® i®c©i^  feaansoitie tuiaa ©aai-sr^i t t e Qwi»» 
ti&n of til® i4o£90 fzmi itr. liooufit^* 
4*4 ^ffoot of th» i^ioaulatlon 4npUt^ao on l^o ^^ iN^ o^x^ ptlon i4iiio 
Xsruetilotion of ti^ « lino uims0 i^n %ha €md. imp^iav tm^ulOf* 
t ioa sodo e»jr omtrootl^ ^ m^ofiil oi^  « ^ ^ t 40fs^  of infosno* 
tion osn li« oi^taintd f xosi a oawlUX analyvle of thm miAih naft 
flh«p« of m roeonmt al9^i^tioii* iha anaiTile of tlilo imtoro 
in tho oafiio of alootxt>a &f in roeoiwaoo/aiteldiup ssoipiitio ro«o«* 
Bonoo )»o iMi^ voll dootasontod in lti<i litosmturo C59iHi« 
l^ ht Moeaonof aOtiorptioii Xlnof wltli ttMi a&diUoiiaX i^j^lor 
bfooAoalogf mm h9 oiepros&odt f»i» i^ q« (4«S)f «« 
1 
X(I) » I . • • * {4»7> 
^ I • (r/2)*»EAa(t/t^* i ) • i «^»ia co^t]« 
« 61 «» 
nm lififtftl out^nt fmrn the radSj^ tiiim tetotttor mm ^  exjpaaiod 
into m rottvier e«pi««* &%•» Bq» (4*7) eaa ^ €>:^ £9ti&eci &B 
oo 
Bl « M M I I ««i»i»<iwiiiii«»iiwtwijitiMiiiiwiB«iiiiiiii<»ii«iiiiiiiiMw^ • iiiiiimniiwiiiwii C^*3# 
If m pimto ii®aeitiv© d@t®otoy iu «i;?3^S8tt tli# @«t^t of t1» 
i^ i:t«® i?i2A ©itli©i? tM f uiaSaaftat'ii imv^^tmtn OK* el!iti3? Miches? 
toots tfeo al^ feorptltm signal at ttm aocSala^ua fr«<|a@aQ^  co^ 
f^ mitfttt of tlift Qdlwrqrit Aotaotar dp9i^t«4 at th@ $yi3^ &*» 
iMNitai haxaonic sriol^e 
^ ^+K/U}„^ eia a> t^ At 
* 1 ** « / """' ' " " " '" '"•* •"-••• •"'I...N.—i.i..w».ii nil I I I C 4 » 3 J D | 
•^ -'T/w (^r/2)"4> C^aCt/t^- k)* 2 8-i»lacD„ti» 
mt •vaittatioA of Mj^  gl.ir«« (d«t«ll6 are ^^•ell 1;^  
y r E, (2i • i)< 
^ • - , 4 a>i(r>. 4i»g)i^  UU^U '^i^^^-^^^^-^^'^n^ 
' ^ ^ (4,11) 
witti the oeivllUoft B,/r < iiUj/r)^ • IJ^. 
^hifi eefiec eenrergee veiy elovly for blglMir aoanla^yoa a i ^ i * 
SJW<)«I»311%J« iie a r«pr«&«iitis.tl7Q osiritpU for th« «xp»et«a tiiw 
i[|iiii^ 9 tut elaimiatlotti: tm tn^ ti^^t immenie m^g^W^s m-^ at 
imxia^t is^ttlatioii di^mt Haead on tut %• (4«:U) oxm p'«&iiittt& 
ift /%• 4«4» It i& «vi4tat f£^ m %li»^ mfw%^ tlmt t^« ^d»3A»i 
•£hQ poiisti; es msdmm m^-^lttiMQ of a^ ooeuri^  at 
Xt tsagf te iupostgat ^ si©t# ttat tlia as»a of tli© r&mrmat. ahm^^ 
Jj» isftm^® fcsn^tlvt d«t«etl)On e^tas op«rat®tl at th» t^ liiaf»» 
i&daie of tim stodulatloa fr«qma»ejr ^^ v^#<i> as^  outjpfut iliicii ti@ 
f^o^s^onuX to tbn ^fttirl#y » f^3Jltt«ilo e^ j^ . !?!iii £^ia^ & of tb« 
v«@Q]!ifa»t n t^ioi^ t&oa Xlat 1»n»ad«Ra& hy the no&ulatloti <»«» aiuiljf* 
tioaUar Im emXoalat#d to » ^oA apffioJiMtion p»9ir$d«d »0i^lft» 
tioa 4f9t£i Ife i^ a^Xl !••«# tii9 vjii^ rftti^ ioaii for th« faarlw anpli-
ti>A«« eta b* woiimttd la aa «itir«l.y tlif fevoat war aa& tliis 
Mtbod Clv^ «« a ^!tr^<^ la«icht for mtoje^pratiair ^/^ mmtta* 
sum aonaai iS»oi»6aii«3? EOtt^ viitloa lim i^l>ms99 tmm &%• (1*341) 
ifi ai^a&ooA aa 
y{«) <^ • :t « = aBt/r # (4.i5) 
ffi«t«ir ^^fBtm^ can IH» ^3^ttim ats 
ow(ii) o <>..i»! *^A C4a )^ 
CI. 4* E»r 
n©fiu3&tioti ^© w>W{^ variatltm .^ « C4»4) 1« disci's, a© 
timi mix) Isi ti«r»e of aiz>f ivitin ao^tilatioii di«ptli h «• ^ n/rt a^ 
ii(x) m Q(K th Bin (o^%) U»U) 
2im&$ MIL) <l«60iltwc» tii« d«t«o«ar output fUnetioii in t^o i^M. 
BOdo jpvier to im^ r ei^ gtial eoaOltioiii^tg* Otto ean iuBie&Xjr«« N^^ o^ 
eoisapliiiatai r«M>ii«a(t Xiao ii!liap«e» i»y taidnt^  thoir iuweter tira»o» 
fojnee* It la vXl Uxkumi tb&t tli^ i^ otiiplor trvn^toxm gif} of tlio 
Xlm iiio^ funotlofi U(x) lis ^voii a^ 
• I Oiq^C-ljrl) 
«» S4 *** 
00 
a? 
i&«r® ^^ & ^  /, n^^n^^MA^. ,1,111 th mo *.0ei^ fiiaetlaa ®f 
• * 2 - **•»»** ^^m^J •*PC-Iy| • i«y)d^g i^tejrMf C4,ao) 
Oo 
- + «' 
Jcoiul«r a0i^ Xi1iiidi«8 of ^ 9 oatpat fttoot&oii %n, tli9 duol DopplftV 
Ma) « H V ^ ^^^ to^*t fc*l * ^l** >i>*^  • 9,0^  (4,22) 
" l (J-* iJi) • lit 1 
•» 65 • 
lilt eli«p« Of th® a^enirption USIQ €9^WA» npom ^9 moAvi e t d«* 
t«etioit« It ^bB tatAumnt^ tr^^^mn^ d9%«ttt&(»ii i s ii@pl03p<l 
in ^m 2^a««>4eafe i^iitws ilia 0u%at Xln9 ^@^ «iSJ. M pmpQ9m 
aeiwuiitio?^ 3i.g&aii«s* Mt3© iiBiiip® £^v0fi % *.fi« C4#M)» 
4 i ^ ( « l w «• «—"'*"' '••"-"•iiH... ..niaM Mill 11... iii.iiii.nii im.iiiii.ffii)iiiiiiiiiuiw> ^ C4«2S5 
i4*m 
4t l • « • ) * 
« MMlt vlil«li %» proportlooRl to tlio •oooaa 4dx|,mtlv« of Hio 
KieatooiiMV UUM «IM^ fiiirttt ^y Bq»(4tl.5)* 
fvofi tlM alNifo oMlroit^ on* oan ooaoliido timt if tHo wm&w» 
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• ^ In 
^° 
LLI - ^ 
t o ^ 
x^  E 
«94NPAt«A at tiid aioduXatloa ff«qa<KUQr a^^^  !£> offee'tivttlf t^fov* 
tlofifil* t0 tm fir tit &<i£iirati'9'9 oC tt^ o^ o{iiiv#ntioaal> vnmrmnQ^ 
Usmm Im mm« tiamw> of DQa^ uaf«ii»nt& i t ie aS^aatngtioa^ to &•<» 
t9Qt at fi bigtor Ba^ J^'^ Ili<» c^ f the cioiltiiiitlott fi*eti»»ic^* £f tlio 
sioftvlati^n a i^^ iitud® ici Dtts^ a.3. ^10 atati^ iit of th» &^@t« #i^e9«» 
l^j ^^ 4©t©©"li«?a at ths a ^ lia:er:,oale it pj?9^ortiO'ml to t&9 
a ^ e«Kliratl^e of tlis eonvaatioral. ai5«.)oyptiott Ittm ?iiaj^ «» - i^ 
art i^l^ttm in l''ir'»4*^ # l^rw^ ik'i^^* 4*4 awa 4»S i t i t «itid»t 
ttet tl;© li'ici ii^ top^ ir l^ -t a^ -^ t^ i t: Q U'-i'.tsnt** ax*© »2aiStl:^  eir:liar 
v©y c.-iB ^ipjssi'0 0^ tJ!ndoyi.taad^  i- * tto tanritivi% of tlt^ 
li'i^ t^ i^^ ® vaariatiom. in th^ ^^s^lne i»t0«aetimtE»t thu lim 
tio^ f«^ i^i@fic|* i t e»p4ttia tm^ '^ 1^0 rauii* 6 aj"® s:*U«!«a for 1*i® 
®iis^ .JL9 Qm^^ &t ^im&im^l^ iattJ^a^tion in Ivon* fie* 4*6 gi'Vffs^  
^ « e^miAB obtained far ^^ tsaS a^ nd im«qmai iAt@nf4ti»e for 1»H« 
quodrupolA &pXit aoMtbiet* 
4*9 ii«euit« AiMl uttwiiihkoa, 
Mvm tli0 aiidV-9 afuilyciii^  i t ie ei^ar tbat th@ mi^i&tmmr rweo* 
ntiio« Abeoi^tioii ift mXf 9 a#a@ar(e i^t tluroii^ tt&o «l«t««rtioii of 
sd^ial aopiitodio at «ha aodvlatioa trf^onc^ 03^ wt i t^ Iiar«imioe 
uBinc tiia ]^»««10Qii toetmiqiio* Sk0 eianai a'^p^tula dot«0t«A 
tluPQti^  tb« usiiaX tunotl l»sad aepUfiar and pliae* t>«afeiiAvt Aa» 
taatiott eyatM toiMd to 00^  ia a ooaeuxv of tbe fir&t tiamoiiio 
• 67 • 
aaf^toA* m^m Om mm^oiAa^lm fMtur* of ^Ift A«|»tiift« on tli« 
t3oAtkl«tioA 4i«p1li i4Mir«Ae tfio noTTi*! mmtlbmimw m^mmtm gkrmm 
%tm !iat»ril Ikm vlAth oorrtepoMing to n eovo ax»dii3atioa 4of^. 
Xt bft@ IWdR ataltofiiS eibovo timt m&ut ot thfi aoii^o ecmrooo 
9zii$oiiiil@3f0d in th@ Bi^ aiiursMiq^ t; of rc}£»fi<fiaiico c^eox^ioit of t*^ ?«ara 
folloif kolt&0n Si^tjn^tton a^ a ('>lvii i.ipoetx%iI ai^ ^n&enoo slsil* 
Ini? to ^tst of smei^ar ®v®atr CT-;!J, 4»l)« Tim noteo aiaflltiAo 
i s a'is^^t »$-liai^X» lit tii« aoawiatiofi fa?»g«©!*©3? wHoa a t»«'3i* 
XJl^1^^. S!!^ '' i t Hf t i f « i « i n t of f rugt i te i^ a t m© iowor fJrof©®!^ 
t i e eaa gsilnliiily Isfw m^i^:^-x to r<»EO¥i t^l tto aKsii-® esourew 
oxe»pt tlm <m» at ^© taoauitttien fvtm^^^% ^ e iiawoif l»m€ 
otspliiieation rtaova© th0 aQi®« ooispoii^tr ttmt Xt« o t^eiii^ f -^ bo 
^fet lm3!idL amxt&i?&$, at tli« i»ftttiatioii fr«ni^ ®^ <^ ^ ^^^^- t^» ptaiet 
i^ imsitiVd 4«t«et9r rms&v^^ furtB o^r the nalca oa i^-.cmaita dltfoyw 
iii« fsett tho fiigiuJL in oithor fro^«f«sy or p^&«« '2hi» u^o of 
i^iB«l onrovttgiiif toehalquo* iliotto dot^U ai^ ^^ iveii In Htkm fo«» 
Uoida^ alui^ 9t«rt further otdiftaooo t ^ 8i0!ial«»to«noioo amtio* 
It Mjr !M appxoprlato to aoto nmt & &olf«««»odiaotioii im^od 
WB attottptod ia 1966 [56i* That aodhOation totiial<|ii« «m^ 
aia«l to BoaMuro tlia firot dovivatlYo o£ tbo mB&^mimr Bi^^mX* 
£b0ro has too«a no atto^pt to uadorotaad tbo travioui factors 
ooatrlbtttixif to tiio iioo ehapo. But the toohiiiq,tt« roaaloeft a» 
an iiitofiiativo atttied for rooordlM ^ * iillKObaiioir i^^otra an i t 
10 voaaUy 6oao ia tlM ooiW#atioa6i faiAMtoa* flit tbaorotioi^ 
MftiLyai* we0fm9& i n tfha 9r«#«at filiaftar O I ^ A T I ^ ^tf&v^® 1&« 
4$ijf mt^t^'^mamr mpmtmmtter w^wd for fUm 4Ata rco^ditig* 
I t ie Also te te iMmtlonid timt ".MQ dla?#et ddtodtiDa of %lm 
i%»i^i9mv rtteeimaod at v@^ h l ^ ettmt a?iiit» ^ ^ 3^ && ^ttttS^St 
in tfes pitot by aettsorln^ tun mvaracia ^.e* dut|;ut of ^® t»»ay 
d«teet6r d^  w§ tm^ttM of Mieoto^ i^ira ai«:^tiisatiiia l$7u »^t» 
tht aotlma Imii a r^sx^  Us^itntl ifc^^iioa^ii^ tfirm for t^t t^^ijr 
of *l^ fciiiieasQr rmtummm ai^  tti^ie^ 1^ ?» ws^ of ^ t e l i a t i \ j t^ i© mem 
wmtM xi0isk»ro&i?>mnt xwiiatioB SPK^^ oti^r i?a£lcmL sioir@ c^ ou3?&s0« 
uOif#ir«i?» r^ © i^ *9Lf»it g<^alati03 tua^fiiiiiQ IXJ m om^rsSL m to 
iJttisrtitiitOi ^fto <l«v«X0p<9d l^ n^@x*« t^ :^  00)W^»tiO!»a. «foet»o«^ 
'i!l» f<M?»i^ i«|^  ftiiaaf«5ie iafojpt t^at t'lo pofctsifeiiilgr of d«v»«» 
l.opiKig a ii^ iir toc t^i&q[tt9 for do toe t l^ tli@ ^^aeban^i' ro&omaoo its 
l a 6tox«# i»iti& %h« <linrolope«at of tmii t^ Hsbaii^ iio th« 6oa6&ti« 
v l t^ aM u^Htgr of tho iSooi>ft»oir iro&oaatioo oouM Ho Aa^piirrod 
by i^ ov««ia iMBifoMo oaA AIOO Mvofal. iatorootiag Mostwuroaifttii 
of atott^ notiotiOf lov f^footov Qoi^ poiiaia» i i i ^ mmvsf mmt^mmw 
tmnoitioiMi nHioii or« oaoo ooaolAovod iepoAoiblo to utodir «»ttM 
«],oo W oxpiofvA wqpofiMtttakUy C M * I s ^ ^ pr«<MKit toiliaiqjMi 
tlio otatvo of ooOh pook n i U ^ Aotoattdaod ^y tbo aofo ovoooiag 
of tbo Xiao «bo90 ond i t fooiUtotoo tho dotootloo of fo iat 
yooko hiMmpm Hy tbo rlDo of •%mm0vt tmakB. tM» toMuii«iio 
iliottM too aeofni in tbo onaljroio of yovtovbod ancalov ooff»oi»» 
t ioa BOooayicioBto oioo* Aaolycio oiai lor to ^ooo ooioiila^toiio 
io ooAovoar i a mm iaborotoir viMm tlio a*o* aodttiatioa io 

ting «b« apfliomliUltyr &f ttm Html i^pplar nodulatliHi t««liAi%iMi 
iil<p«ii «^ i3t«jiaX a«t@«&&0it am ^Bv^ l#9)i4 iA Hit HiiB »c»i« for tli« 
i^atttl irtimXts 0l^ iJl«i»<l im msr firi.it attatipt #f ^%m pfuifn t^tA 
1& til* neiifiX and aor»^ i#£>i»iKia»r 9^9^mHmw ^® re^Oiiaat 
V«viar« ar« •«init«A ttsiiig Kb* |fiilj39«lwi#i« t«%«ii«i4}ii ant &«l«9i» 
tiWBi «y»t«i« la MAlttfiBtioii irit& ts^ saaX'lie&ciiifiwl eeaHii; m 
^jt vtl^eii^ traBOte««r is Avivm symelifoacm l^jr with a eoiui'lii&t 
MmlMWtMmk wm0i9 of •^imtiott* fto vroeie&oa in «h« aMitiiur** 
• M t of jlb^flowX iPkiMMitoro is A«t4iiteiiit4 aaiaijr 1»]r «»• iMMk* 
SMvai «raate o«[iyri«i»@ th« nosMmsocMiit Y**««r»* A« »oiiti«ooi 
itt lih« |r«fi«aft aluiptorfti e«v«r«X M I I I«A« l i te rciQfiMM* iiMif* 
t«rliig» «i»r«rittoA •iootroa doiwottoa C^ l * wtmwmtM^ d«%««tiiii 
£ i i i Mil lov %«n9«fmtiir9 «««eitr«itiit» 1MI¥« to««t VMA |aiAi«i«ii9» 
I f «» «if«f««M «lii» iMwiEitotkal irolil«i«« fo •Blii«v« lMi%l«r r«» 
i«3.%« «lMi oiisnal «»«rB|;if« %#«tiiii9«i« [61] M A vit l i iapwfmmit 
9WW MU* tmm mlm t»oa tvt«s bf mufiimr «pi%*rii» tkmtm •%%•» 
oovating teeliiiSj%is«» 1& j^r tftr tlie n^ oet fi^italii.9 u^er a i i ^wwm^ 
mamm$ ttm t^mn&a immkt ef ^toii'laliiAtiiiL: msiismt teekefimiiA 
%m t& msplc^ tm f^ ingJUi ei^ nn^di mmlymif s^ouc "^^ ti tli« &ii^ & 
UMi/y tilt siig^ii avtim#ii(g Gi9tuciil 1434 not rmt^e th@ iMsi^ r^mmA 
n^ iju# m 4t i& iS^a^ntl^ pettjsail m^m^fsA at ^ ^ a (@«e i'^ t^ 4*3.)• 
UdsiUdi^ -^ 1 sli. tlid ^'0(^»iti;r nvallmM® i;iidwl0d|f@ ^#^t I&0 
Hdam '^^ 'ient &i MiiiimuBr ff&utgm^ hpae%i?m§ t£i«i a«o» ^aim3Ui^ toii 
t&@lmi^ iw wi^&i>*» t!i@«»r@ticia. cm^o t^lyD^ tmsi h^^m. ^irna &n flit 
•pemm^J'im ^hAplivr iM uttm.i^t&d m^xixmfi^^X^ fax" tiie iB^ p3r<r7«d 
au^ enhanodS j^ /H xiRtio* i>'liii» a»o» moiu'latioti oen i^i^ tK ef »oA¥i«» 
tioii Im tli« nonna}. Boi^lar oo&iaAtio^ of tli« ecmre* irith • vaaf 
fiH^MU. Hiving « Xiai«r fn»looity« 2IMI &a«??iitud« of BLisataiL a^ 
•Ofytioii ae • fitfietioa of l»oppIor velooit; i» ^sveoesoi by a 
aaXtieiiaBaal Aata aoqpiiaitioa Bs^tm througH a pimmi i^«aaitiva 
Aotoetov and a aigaol at«ra«or« 
5*2 t i^gaal Fro«oei4ng 
£or tlio aaalgr«i^ of mi^A* oooaiating of tU9 aueioav »a$tm» 
tloa dotootoiA tiuroa^ auOioar ooantova aooAo «o oaploy a tooli* 












Fig. 5.1 Effective signal bandv^ idth of the lock-in amplifier system 
4 P f 4 S 'W^^ 
ba# mi^ of mhimwing ti^ie «^t ^t« oolMrvnt d«t«oMoa fli«th@(l 
if^^terf i t %ji2.1 Imv0 ft cen^-tant a lilitode ^^.-^ rat^E :}*?xii.3 with 
tlMi pwrer spsct3mc3 fiii til&wted OV01? aSX tli© fr9t«»asl@i.*t 'Xl:»it 
fioatioa (»•• fi^« 9*X) rMiov«a m^ ii9JL&« o i^^ iM»itiJ Hist lid^ 
duti^d* tti« pftfift iMinl 0«nt03ra4 %% tfm moSulfttloii ttsq^nt^ w^^ 
t'tm ptmtm »«iieltlir« A^^otor le^^mm^ tm%h&v me nol&e oofipo« 
«•&%« iliff«r«a f«ot» tiM • l ^ a l %n •itii«r fi«^iittioy or pimeo* 
tn ott&or ii9«tdii» It 9nlf 9«»tNie 0ig1u1l.11 hoving £»c«$0r fw^mmyt 
•tiA in o4<titioat uliiali sxsiTo ia yhoo* iritii « rof^roneo al^nai* 
f0 iasttir* phA»0 oolitr«a«0 tlio jr»t0r«i!io« ei^ ^noi tov ^ 0 Xooliwiii 
• ^ i i f i o r mm% O0 ototAiaoti ttom tiM 0000 ooftixaaiior istm% fi?o» 
d««00 tli0 00ttV00 aodttlotion* Oi'AiiiMiiar an 044tt0t0]»l« ]^»« 
0bift0r 10 9r«frid0d to irnntro ttet tbo so&ttiotoA and rofovwtoo 
0i«ii0l0 orrivo ia fHooo at t ^ 1^00 oiaaitivo Aotootor (ftoo 
tl«« 4»9)« IlM titto eoii0t02it aotHMTk botvooa tlio i^ iiaoo 0«ft«i<* 
« 7^ «* 
tiiNi A^t^t^v sail ^ « fltttyitt rmm09 Kk9 b i # tfvqiMRftoy tt9ift« 
]^i»«*lii«li l4iof m j a pttHi d0im ^ « iMMftmiim te lfe« irAtir of 
I. Es« A g«*oeit doal. of iioieo eeapoaoitt ffi«f Iw vopovot tif 
itif tlitt « i ^ a l %iift»3^ m lovofaei filt«ip» fho f IXtsr Ime 
eiatoS idtfe i t n U,mm e&^%mt of iwafoaeo ti@o f^ Ubioli i e a 
«•©«!•# of fflitoff flP«q»»8«f of t'i# f i l t e r . I I I Q^mv *o»A»» tteio 
f i l t t i " fails? to pm«« til® fro^tt«»«^«t tiMt ar« nw*! ff««»t®i» -l^iai 
«i« ffiseipir^^ai of t'i« ti.o# mnttm% il/%^}% i t iitt«attat»»t iiiN» 
i / t^ nM ti^ir.»lt«i0 taaffooto^Af ttef-o f3rottt*wsei«® utiioit ®w 
ootK^Mo^Bteiy feoloir l/*t-»* ti»»e» t!i« »%pial t ^ t «»i4«ii QU te® 
liOi^latiQft fvoqvomt^ f %M grofttl.y oitlsoiioi^  4iio to tr^ o iiio«$osiyifo 
fiJ.t#yia^ off tlio aoS^os 6i®fyit»^to^ wiifoJr^X^ mmr turn mWtm 
froQUMiOf sioetvim w!io£'t ositoff i» iotos&intd ^ ti;® Sotootiiig 
o4i^Nil'%fy« 
£a mo iMirwilL 1^00 •iRiei.ti.v® do^ootor Hio «li^ol> ie ifoooi^ 
dioA «luRott# ft long ti«N»eo»»toii% f i i to r * 2m m4mf ^m/smpU&n 
of ^ 0 pimoo ooaoiMiro iotootimi moovy io UMit IOIIL «bo noioo 
ia tbo oyotoB oro roaioa C^9i* ^^ ^^ tt l iM ftiMP«3L«4o«» 
Miottlyi io OHlui^od i>ar iaMPoooliie Wm UMm oonstont f onft 
totoli oooMili^ tiao f i^a l * kioplo^ mo rmtio «/f ooaotoiit* 
fmtt^M f l«o fiwMia fUto f iA f t OoaUaaoiio iiwrm^m 
It of t^o oigaal. ooa %o w^^ovoi 
Ci4i« Is ^ii» tooliiilt«io mo t»«o:i^  
«!• MM? t l M f ^ a aiaftla aoaa* 'S^ t iat aaaataat t ta ftaaA 
ta i»a tua aaaa aa -iha «i»iaaal dwaU t iat CaHaad by Hia total. 
awriNiy af abaaaala aaa4 for Aata atava^ ia a alalia aaaay* 
fhaaf n mt»y tifaaae ^ tha aigaaL a«a produaaA aafnaatiaHjr 
iatl»a« I f tiiaaa al^iaale ara miaaf^  tacatitar by flai^ag lba« 
lA appi!avria%9 raisl^ atara tli#a tlia wijiai^ id:UL aiftft tOfaH^yf 
ayit!iJBatiGall.yt isivian n tiata tba aaplitaiAa fi*aa a aiagla %*»» 
iraraa* Iba notaa eaa^^aauli im aHiav KaaAt will. ai&& vandaaly 
gliriiig a j^iultant vliloii ia a"^  t i ^ a ^ a tiaiaa 4^ a «la#a tf!a» 
vajE'Bai tiia aaan valya of thu ^i^a 03ii|>aa«ata ImmmB tmm iMit 
thilif aeaa q^tuaifa iralua b9i:i»iaa@ fiiilta* TIma* Hia fiii^al.«*to«» 
aoi^a xatia iaaraaaaa m» tha ag;iiia£« to at af tha total, aaaaaiag 
t iat S* 
Th%» affjcoaaii ia loioim In tiie iit^ra^ira aa idia tiii.« «(^mia 
fl ltaflag* Sbia taobal^aa aalilwraa I ta raaatkabla aidMutaaaaat 
aa i t vaaavaa affaativaif bath h i # i ^ ia« fvaqiiMiaar aaiaa 
ap^vaHwF^pwPiPwa ^ ^ ' ^ p iiaa# aJpaHa ^woH|^a^a*4mwiaaiw™ • ' ' I I F VRE* waaiw *na^^w^l^awiFwwaj^ "^tpiiaiaaaflpp aBww^ 
ww^^^ awja'^ ^ i^r ^w^p^^wja^awa ^»aa''W'w^^^w<^aiBa w^^^paaHHliawaawoF^^ i(a™-aa ^ipiiajp'iwwi*j|F^waa' • ^^™^w^w^^^aw^BB|i a^wpa 
a aav aa^MA af aigaai awbaaawiiat far tha Mbaabaaar afa«tia« 
f«9 layafiaMitaX Sataila 
fba aaahaniaal vaLoaity ttaaaOaaar baa ta ba tailarwaia to 
a^iiava m ivapMr faaqaaaaf a»a* aaftaJiatiaa af tba mmOmm^w 
aaaraa «atta»» Xt ia 4aairat ta tmim a aiaitabia valoaity 4f i t« 
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tmB0i99 ftaMttoa of th« l«vir«U tar^t 19»ftl»it«r 4ilv« imlt iiMi 
ii «id« roeosisfid ^p w%%h ir««iiaitifiMi mt 99 ^8 mxA ®«i l^ i * 
fte flUaftiMil. ILwiX t in t ie <^Qtt«ii aft 0*8 Be «i«t Hi* • f « t « i 
Of«f»t«& in 5%St oimwrnH tmim^ evtlN^ peoitp ^1% tmr9 m total »•» 
aoi-jr mmtp tima of atniut 400 so ifiiioii aa«oi^ i^ lata& ^ a vaioalty 
t«»i!te^oai» t0 tsava aliotst 4 Ba* «^t i f a«a* sadulatton 10 a f f l i * 
a4 at %h» me&n& raooni^irea of @«i Ma» titaii tha aituitojr of 
eyoxas israilasXa for %hd t i ^ a l . aatootio!i la al»out 4 us* t}m 
ham ai@4a ^^ttati daooillNitil tn Chikpi»»s»u liaa tha rosonafieae at 
Xa«^ lis wdd 4*? Mia a»d mui>» %£i« @«# wnxt van fatai to ^ w&^ 
BUltaliXe £o-^  tua a«o« isoduXatioa twh^ma ospaxip@nt* &'^1^3r» 
tho re&omnot at 4*5 %ciia ia a r^^ um^ttt've fUnotSo!! of tita 
axtovaai saaoa umA for %h9 oouroa esoimtific ftta* iinrafoirai iSm 
aaiparliioatfi had to tm aarriad out at t^e fata XaeUtiita «f #ttfi» 
daiMatal iia«oav«li» Boabajr mMsm iiai^aU 4flva a^4 fi^mim»»lmk 
dataotioft ajrotam Iwi tai«« aaAa cvallatoia for tl&a yraooat woric* 
flm aipafifltatai faoaita daaaxibaA in ttia praaaat oliastar ara 
alktaiaad aa tiba fatt i l i t iaa aaAa availabio to aa at tha f,I»f«A« 
f te tiaftti««ar aa* afovatad avoaad 4 Ea i a ttia aoiaai aonotaat 
•aaaiaiatiaa aoda alti i a ttiaagnlar tafarariaa l i^at atfaalL i » 
99miiumaAam wi^ a faaar Sarthafa data aa^iioit ioa ayataa nmm 
tHa ottaliifv 9l0mX ia tatoa fvoa tba yafioyaooa aigaai eitta»»» 
tav» tht§ fS«4ata aofaiatian ayataa haa fao iUt iaa ihw aigaal 
«rara«ii^ aloo* A aalMnatio diaff«aa mm$,n^ tba datailo of tlia 
aiq^oaiaiKtal tttup for tha oaliaraoit dataotiaa asvaxiaioat ia 
giiraa i a UMl* f* f • 
eMitx«l> imit mxA 1^i« r«fttl%« in ft aotel«t«l «otve« aotlon of H i * 
AflT« ^e«««| ^M pi«kttf tftipai v i l ^ 1M» as ttWMO. triaagitlar vmfm 
vitH a fiftt^vpaeition of hla^ fr^litaziay aliiavaiva iiai«J.atioa* Ifta 
BoAulatioa &^tti of tlM a*o« i i ^ a l eauM ba oafsliraULad lay Ilia 
aapXitiida af t^ 3^  injaatloa a«a« vsItalia* :^ te arl^iaa^ aa'limi af 
tlie aaarea ia sXto «oaa«lu&t affaatad by ttiia lUgii f^aquanajr i»» 
jae«iaii tua te i jpcapav toalmaii^ af laq^adaaaas. far ^tm ^wrpaaa 
of &7iieteK»Boitii ilataetloa a m^ df t l i i^ a»a« f^ipai i t itt&liaaa 
a& a reimffmts^ input to l&a pliasa j^ancitiva aataatar* 
Jb» i a ^ ^ to tn^ coherent d^taator a<maiii4i-' af m^ a i4^j|^«Siliia«> 
»oi&a ao&i^' froi:. tha cdn^ ^^ ia ^laaaal amiyaar v^ab ia iaftagmtaA 
bf a milti^ia iiC^Mattvailifc^  i^ tbe t a t a l tisia eatiftttait atiual ta 
tltot af Ham wiitialiaaaal. aoBlyser <lifali tifoa (0*8 aa) . Tha iata« 
gt«ta4 iaelantaaaoaa ^ i taga tamm m» aigaal. i i q ^ ta tlia pteaa 
laimisitlva iataatar af aoAti i*ati&<»ia iaaavaltaatav l^ta I f f aada 
tof tiaifaa* t a lM« t itairiag a lNM^iri4fii af 9 to i f kSa aaA X »a 
iizaitatf aaliyvl isSiagitttiaa Haa aonataat* fba aatfat af H M VaD 
ia praaaaaaa ia m uLm^ «raim«ar apaxmtaA ia •:fta»k9mAm aiHi 
ttw vaXaaitr 4«iva* 
fa iwwaataata tlM fuaatioaiag af tiia yrafaaaA taMuUbv** « • 
taava aaat ttia atandavdt aniialMii ataiaiaaa a la i l toVi aa a »aaa* 
•aat aHaavlMNf aiaair vit i i 14*4 kaV t iaanit iaa af f a " aa mm 9&U»» 
aativa aoaraa an^fiiaA hy ^ a lav aqglwii mMiaar Oaryanatlattf 
MaaaMlMiaaita (ll«»a«)« far th$ yaryaaa af iaaraaiia« ^ a taalB* 
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ig. 5-3 Mbssbouer spectra of the stainless steel fo i l in the normal 
bOCkground : (Q) in the dual modulation phase sensitive detection mode with signal 
averager,(b) in the normal MCS mode and (c) in the MCS mode with cwi addi-
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Fig. 5.4 MbssbQuer spectra of the stainless steel foil in the 
four times enhanced background:(a) in th« dual modulation phase 
sensitive detection mode with signal averager and (b) in the normal MCS 
mode with signal averager 
• 77 • 
tb« v«loditi|r 4s&v« %i&t«B> niiiali ItA® » • « ia 99*)mll.om for «Mr«s«l 
9r«ftr»« Wis* 5«9 illii»trat«ft tbs r«60ittM« mtr9» of toxiobAdi 
•t«inloet« otooi rooordod weA&r dif foront isodtos of OjporaMottt opoo* 
fxiitt in (ft) i« oivtsdiMKl vllfh tlio a«e» ^ofttiJAtioa miiok' ^lo ^hoto 
erlii«4 «arli«iPt i^ i^ etvnn in (H) ic^  obtidxi»a «lth %h& nmmml Mia 
moA@ iimtPfmi^&ml sinAo} of oi^ox^tida i^ lt&out &»l MB a«e« sioda** 
latiati aad tfio ^pootntm la (e) Is oi^alnod ia th« aoraiyi ^^ oodo 
wit;u a iui^ x'JUfOi^ lti^ ii of 3«X M « a«e» »o(iu-i4a14oa« xt i& to im 
n&%m» that tao liihaaooi iiaif-liroBdoaiiif, In ^^atmrn in) i e ^ « to 
t^ to a«o« ffitoiuiatioa roeuitiag fmm mm amaJl iHtpplsr trroaSoal»g« 
I t i» al4^ to too aotou ^at thero i s a tliift of ttio p«ak pooittim 
la the ep9et«a i^ ioim ia fi«* 5«3*ia) aal«»io) ia raiatioa to %h& 
iif«otiiui CO)* fbofio o«it3rai Hiif t^ airo ftao to tho d.o* Xooill 
ilUfto ia tbo iNklooity ooivo oootvol aoit« lAoa tbo a«o« ao««ia» 
tioa io asyiioA, roaaitiag ia aa orasail olOft ^ tlio apootva* 
fMo iiaft *o«l i aoi Oo ooaotivoA ao tao iooaor oaift (fOJ* 
Wm ilM#oo of tHo isipootxm Oioaiflf iitfioatoo tao oiOaaood yro^ 
oiitoa to io ofetaiatA ia tbo iuaX Soi^ior aoAalatioa toeluiiqao 
« i ^ tlio fteoo ooaoitiTo dotootioa oad tho oifoaX avo«ocla« 
ao^Mt of oiipai 4otootioa« la ^o yroooat oapoiiooatal arraafo* 
tiao temia fiitovo* tiMi vailatioao of oi^xiaoatal oonlitiMi 
i a tho iA to Ifotoa aaA iata aat*^oiti B>>' oto lago .lfftfpo.«iatfi4 
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Fig.6.5 Mossbouer spectra of the stainless steel fo i l in the 
eight times enhanced background: (a) in the dual modulation phase 
sensitive detectlor mode with signal averager and lb) in the normal MCS 
mode with signal os/erager 
tills mkXl •»% —m»9 ooaeom in any ptmHulom mmmemmt a» Hi^  
mUf of «ii» XUmB •%«•» iiBiil.4 ^ ofiijr r^lUtkw* 
ATxwtefBwit tout iaorMtiiig th« l«<Mi;gvoiind oonate to llW IfcMff ^ 
i t« ofisinoi TAltta bjr mane of oxtofiio]. Booreo ar« ilifMii in tbo 
fig* 9«4* Itio BEifetaniCi olrtaliio6 in tlio iinial ^ ^ Mol&oft Ttm^ voiy 
Xow al»eexpU.oa OAplltis&s ithiXo th^ dmX «»oAuJL»tioil on im) 1M« ^ O 
vol! doflMd cil»iE)OJ£p^ idii« '^liotii^  the Jfooulte oro not as good ae 
to our i^tl«€afsti&n« Imt mo high v&mX\i^t9n and proeisioa of tb« 
t«otmic|uo la tho protiiioo of nol&o oo'uf^ i: 1« oloarly A«soaftt«mtoA* 
f^ irtliftx** #lg* 5*^ a^^ 0,v&a &imii&r tsmlte, oiitaiiiod with oli^t 
itnltet tltat tiio ^^ ootj^ us^  vXiSk ttm animfiood AOIKO i^ uoiri no mhmrj^ 
tlon at ai>3. iaisii»v ^m aortal. IC& socio of i&ignol dotootloa f^aoroao 
thm aow doteotloa toeliiiiiu^ i;loo«» a «oll aofinod roaomnco alboez^ 
ptloa* 
flM forocolng rofiiuXtb d^^oa t^jrato the ati l i ty of the Anal 
lioppXer ae&ulatloa of doteotlog raadea e l^ale vith ea)iaaoeA oo»» 
eltlTltar la the field of aaoiear radlatloa Boa«ir«a«ate« 
$•9 Ooaolviloao 
ftm daal aodalatloa |^ iiaao»loo}i doteotloa deeofibed la the py#» 
eeat «Hiyto» oloatlf deaoaetratoo the featdMlltr of an lapiwrod 
and iromtatllo teolialiae of fioa«ttxlae tM iWei^tttr j^eonaat opo»» 
tra la tlio yroomoo of •ety h$^ feaiiifVoiiaA vadlatloai lov fooall* 
loee faotor Mfoiiattar offeote loadlas oiria to the Maeuraiettt of 
lil#i OBorgr Y***<Nr tfaaaltioao avo eoao of tlw oaaayloo* ndm 
« 79 * 
v«r j Ailtttt i^ ftD f^ltaor iapufl t i te and otofiftt«8 %i« M « A of tvw 
•eilqr of M^ !Ntmlvii±<m d«t«otors may not b« of mteh iiipertwicia. 
bwfwal of tiio Mia»t»ii«r s«iii«Mrtti9itt i on %h^ %lao«r«ir«rii«l MQ^OX!* 
»&n% l$3h i!iitio«« iaff l t j vlol&tloa in tua ioiftloar tfwnn&lloii* 
Ct i j t Koltiac paints pHonoaoimt r«f» p0Vturl»a^U»a C^7i «to»v oeulud 
aov bo 3r«lav«igtlgatod with lM«%«r px>«oii^ aa» Ziniro aro oaay vm^ 
tvf&mmk applloations l a molaar phyt^es t^^m viMiro tit* pba&a* 
lovSt. %&9iiBBAitivk® txi r$m&osi htmtH aaaXs^^fe ewA bo oaployoA tov hXg^ 
proelidott iMia^tiroBimte. Alco* 1^« f^ ^^^ ^et^auor poXaxinotar 
toehai^ao Iss anv l a atoro £68 « 70i« 
For a teftoif an^ mtlsfaetory roiMit asvond Imprmmmtu aro 
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